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The  syndrome  of  respiratory  insufficiency 
occurring  a  few  days  often  apparent  recovery  from  a.n 
scute  insult  to  the  human  organism,  he  it  non- thoracic 
trauma,  hemorrhagic  hypotension,  sontic  shock,  or  other 
clinical  insults,  has  received  increasing  interest  in 
recent  years,  and  has  prompted  many  clinical  and 
experimental  studies.  The  results  of  those  studies 
are  often  contradictory  with  one  another  and  the 
definition  of  the  syndrome  itself  often  has  not  been 
agreed  upon.  Lewin  (57)  has  extensively  reviewed  the 
litterature  on  the  subject. 

It  is  the  purpose  of  this  paper  to  briefly 
review  the  history  of  the  syndrome  in  man,  the  various 
pulmonary  findings  in  experimental  models  of  hemorrhamic 
hypotension,  and  to  nresent  the  da.ta.  and  the  discussion 
of  an  attempt  to  demonstrate  a  rossible  humoral 
pathogenetic  factor  involved  in  the  lung  lesions  found 

in  dogs  subjected  to  hypovolemic  hypotension. 

*  *  *  *  * 


HISTORICAL  ASPECTS. 

Although  the  syndrome  has  attracted  wide 
interest  only  recently,  it  has  been  intermittently 
described  since  the  time  of  Laennec's  writings  on 
massive  pulmonary  collapse  (55).  Houtier  (73)  in  lnl8 


reported  on  pulmonary  edema,  and  alveolar  hemorrhage 
found  in  soldiers  who  had  suffered  bullet  wounds  of 
the  head.  During  the  Second  World  War,  pulmonary 
lesions  associated  with  burns  were  described  by 
Mallory  (60).  Burford  in  1945  observed  patients  with 
pulmonary  failure  following  chest  trauma  and  coined 
the  phrase  "traumatic  wet  lung"  to  designate  that 
entity  (13).  In  1946,  Wilson  referred  to  blast  injuries 
as  one  of  the  situations  where  lung  lesions  were 
found  (109),  and  the  following  year,  Jenkins  coined 
the  term  "congestive  atelectasis"  to  describe  a 
pulmonary  lesion  found  following  excessive  intravenous 
infusion  of  fluids  (49). 

The  war  in  Indochina  in  the  1960's  brought 
the  syndrome  into  sharper  focus.  With  the  availability 
of  markedly  improved  evacuation  and  transport  systems 
and  of  intensive-  resuscitative  care,  soldiers  who 
were  wounded  and  in  shock  could  be  managed  over  the 
acute  hypotensive  and  traumatic  period.  After  apparent 
recovery  from  the  acute  insult,  however,  a  small 
number  of  the  patients  were  found  a  few  days  later 
to  develop  progressive  pulmonary  insufficiency  with 
bilateral,  diffuse,  and  fluffy  infiltrates  appearing 
on  their  chest  roentgenograms .  More  often  than  not, 
they  did  not  survive  that  complication  (39,66). 
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Mills  estimated  that  the  incidence  of  isolated 
pulmonary  failure  in  Vietnam  was  approximately  one 
per  cent  of  the  severely  wounded  (66). 

Similar  cases  of  pulmonary  insufficiency 
have  also  been  studied  and  reported  in  civilian 
practice,  most  of  them  having  developed  shock  following 
operative  or  traumatic  blood  loss,  or  sensis  (4,43,68, 
67)  . 

Moore  (67)  has  suceintlv  described  four 
phases  comprising  the  pulmonary  insuf f iciency  syndrome 
which  sometimes  occurs  following  trauma . 

Phase  I  is  that  which  immediately  follows 
the  acute  injury,  be  it  hemorrhage,  surge ^v,  or  sepsis. 
Shock  occurs,  and  resuscitation  usralVr  involves 
multi  ole  blood,  t  nan  sf  u  so  ov' s  a^d  Intravenous  a.d.m  1  r.i  strati 
of  crystalloid  solutions  and  antibiot: es,  among  other 
thinvs .  mhe  oatient  often  is  found,  do  h°ve  a.  mixed 
respiratory  and  metabolic  alkalosis.  ,71his  is  due  to 
spontaneous  hyperventilation,  metabolism  of  citrate 
found  in  infused  blood  or  blood  products,  infusion 
of  bicarbonate  or  lactate,  and  withdrawal  of  gastric 
j ui c  e  . 

Most  patients  recover  completely  foil. owing 
resuscitation  and  do  not  go  into  Phase  IT.  However, 
in  a  few,  cardiovascular  instability  persists, 
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necessitating  continued  blood  end  fluid  infusion. 

These  "become  increasingly  refractory  to  theranv  end 
the  patient  enters  Phase  II  a  short  period  thereafter, 
usually  a  few  days  after  the  acute  insult. 

Phase  II  is  characterized  by  apparent 
stabilization  of  the  circulatory  system,  but  signs 
of  beginning  respiratory  difficulty  are  present: 
continued  hyperventilation  and.  a  falling  arterial  pO^ 
which  does  not  respond  totally  to  inspiration  of  100$ 
oxygen.  Clinically,  the  patient  still  apnea rs  to  be 
fine . 

Increased  tidal  volume  with  hypooerbia  and 
hyooxemia  ushers  in  Phase  III.  Respiratory  assistance 
is  necessary,  but  the  hypoxemia  becomes  less  and  less 
responsive  to  increased  concentrations  o^  inspired 
oxygen.  A  bilateral  infiltrate  is  often  seen  at  this 
stage  in  the  chest  roentgenogram .  There  is  increased 
tracheo-bronchial  secretion,  and  pulmonary  infection 
is  a  frequent  complication. 

The  final  phase  begins  with  an  ominously 
rising  arterial  pCO^.  There  is  increased  dead  space 
ventilation,  decreased  spontaneous  respiratory  drive 
with  increasing  hypoxemia.  A  mixed  respiratory  and 
metabolic  acidosis  is  observed,  finally,  bradycardia , 
t h  e  n  a s y stole,  sup e  rv ones. 


***** 
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It  is  obvious  that  a  variety  of  different 
injuries  can  result  in  a  clinical  detune  similar  to 
that  described  by  Moore  (67).  However,  pure  hemorrhagic 
shock  in  itself  without  significant  concomitant  trauma 


in  yet  to  be  reported  to  cause  the  syndrome.  Usually, 
as  pointed  oat  by  Blaisdell  (9),  hypovolemic  shock 
plus  another  factor  is  commonly  observed  in  clinical 
situations.  That  factor  can  be  endotoxinemia,  ischemic 
dam a me  to  a  major  muscle  mass,  exposure  of  blood  to 
a  foreign  surface  as  seen  in  cardio-pulmonarv  bypass 
procedures,  or  transfusion  .reaction.  In  fact,  Ratliff 
(78),  during  an  eight  months’  experience  in  Vietnam, 
observed  twenty  patients  who  died  of  postoperative 
irulr o^srv  insufficiency.  Over  hall  of  the  cases 
occurred  more  than  a  week  after  the  injuries  were 


sustained,  and  more  than  half  died  of  rapidly 
progressing  pneumonia  and  sepsis.  The  remainder 
succombed  after  aspiration,  fat  embolism,  blast  injury 
or  massive  crystalloid  overload.  He  observed  no  cases 


of  "shock  lung"  as  such.  Shires  (84),  studying  forty- 
nine  civilian  patients  who  had  post- traumatic 
pulmonary  difficulties,  concluded  that  "shock  Inns" 
correlated  with  sensis  rather  than  with  shock  itself. 

It  a on ears  then  that  the  term  "shock  lung" 
tends  to  be  used  rnt^e-  loosely  and  mainly  as.  a  matter 
of  co^vervi  ence  by  rhysioians  to  indicate  pulron-.r 
insufficiency  occurring  afte^  any  hme  of  disturoance 
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to  the  homeostasis  of  the  human  organism.  It  is  well 
to  remember  that  etiologies  are  numerous  ('Qd).  as  lifted 
and  discussed  by  Shires:  among  them  are  ischemic 
pulmonary  injury,  pulmonary  infection,  sepsis,  aspiration 
fat  embolism,  microembolism  associated  with  soft  tissue 
trauma,  multiple  transfusions,  or  intravascular 
coagulation,  fluid  overload  with  crystalloid  or  colloid, 
perfusion  with  a  heart-lung  machine ,  oxygen  toxicity, 
microatelectasis,  direct  pulmonary  injury  or  massive 
cerebral  injury.  The  pathogenetic  mechanisms  may  not 

be  identical  in  all  cases. 

The  etiology  of  "shock  lung"  may  be  diverse, 

but  the  pathologic  findings  have  been  fairlv  constant 
and  uniform. 

Hardaway  (43)  described  pulmonary  congestion, 
hemorrhage,  atelectasis,  edema,  and  capillary  thrombi 
in  patients  who  developed  respiratory  insufficiency 
following  severe  shock.  Nash  (76)  studied  oto¬ 
toxicity  and  observed  hyaline  membrane  formation  and 
alveolar  cell  hyperplasia  in  the  lungs  of  patients 
who  died  following  prolonged  oxy^'-u  therapy  and 
artificial  ventilation.  Martin  (61)  again  described 
hemorrhage  and  congestion  in  lungs  subsequent  to 
shock  or  trauma.  This  was  confirmed  by  Levin  (5P), 
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and  reviewed  by  Moore  (67,  p.112)  :  the  principal 
feature  of  "shock  lung"  is  interstitial  edema;  there 
also  are  fibroblastic  proliferation,  hyaline  and 
fibrinous  deposits  on  alveolar  walls  and  in  alveoli, 
focal  alveolar  and  interstitial  hemorrhage  with 
hyperplasia  and  hypertrophy  of  alveolar  lining  cells. 
Baird  (4)  also  described  septal  thickening  as  being 
the  main  characteristic  feature. 

Studying  lung  biopsies  taken  from  patients, 
Blaisdell  (7)  reported  on  the  sequence  of  the 
changes  observed. 

During  the  first  eighteen  hours  following 
the  clinical  insult,  there  are  a  few  sca.ttered  areas 
of  congestion  and  atelectasis  in  the  dependent 
portions  of  the  middle  and  upper  lobes.  Pulmonary 
veins  and  capillaries  are  engorged,  and  there  is 
beginning  interstitial  edema.  Prom  eighteen  to 
seventy-two  hours  after  the  shock  period,  more 
severe  hemorrhage  is  observed  perivascularly  end 
intra-alveolarly .  After  seventy- two  hours,  hyaline 
membrane  formation  and  bronchopneumonia  supervene. 

It  is  evident  that  complete  hemodynamic 
studies  are  difficult  to  perform  during  the  early 
stages  of  shock  in  man,  as  patients  are  usually 
seen  only  after  a.  certain  unavoidable  delay.  This 
is  particularly  true  for  the  hemodynamic  changes 


8 


in  the  pulmonary  circulation.  However,  as  reviewed 
by  Shires  (84)  and  Shoemaker  (88),  it  is  well  established 
that  following  hemorrlmge,  there  is  increased  total 
peripheral  resistance,  acceleration  of  the  hea.rt 
ra.te,  and  venoconstri ction  with  subsecuent  increased 
venous  return.  The  obvious  teleological  purpose  of 
those  changes  is  to  maintain  blood  pressure  and 
vital  perfusion  of  the  heart  and  b^ain,  this  at  the 
expense  of  such  organs  as  skin,  intestine  and  kidneys. 

As  the  deficit  in  intravascular  volume  increases, 
progressive  hypotension  ’•111  ensue,  the  compensatory 
mechanisms  being  overcome.  Ratliff  (78)  did  report 
that  the  pulmonary  venous  resistance  was  increased 
while  the  pulmonary  arterial  pressure  wa.s  maintained 
during  shock.  Sykes  (97),  on  the  other  hand,  mentioned 
that  in  shock  not  due  to  cardiac  failure  (as  in 
■peripheral  circulatory  failure),  the  pulmonar^ 
arterial  pressure,  along  with  the  pulmonary  canillary, 
venous,  and  left  at rial  pressures,  were  decreased. 

Pore  studies  are  needed  regarding  the 
mjil  monarv  homo  dvr  s,mi  c  chances  occurring  alter  various 
types  of  shock  in  man. 

*  -X-  -X-  *  * 


While  data  are  la.cking  in  humans,  thev 
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for  ex>] erimental  animals. 

For  the  purpose  of  this  paper,  the  phrase 
"shock  limp:"  will  specifically  designate  the  pa,thologica 
pulmonary  changes  seen  in  the  do.n  or  other  animals 
subjected  to  experimental  hemorrhagic  shock.  It  is 
obvious  that  the  findings  in  experimental  animals 
cannot  a.  11  be  applied  to  human  cases  without  critical 
evaluation,  but  animal  models  do  afford  investigators 
liberty  with  manipulations  and  experiments tions  that 
could  not  be  obtained  in  humans. 

Investigators  have  studied  pulmonary  lesions 
in  animals  subjected  to  various  orocedures  since  the 
beginning  of  this  century. 

In  1924,  Hanzlik  (42)  produced  pulmonary 
lesions  in  guinea  pigs  subjected  to  anaphylactoid 
shock.  He  observed  capillary  congestion,  infiltration 
with  polymorphonuclear  leukocytes,  intra-alveolar 
hemorrhage  and  atelectasis.  In  1934,  Hurtado  (48) 
described  similar  lung  lesions  produced  by  hypoxemia 
in  guinea  pigs,  von  Haarn  (103)  in  1939  produced  lung 
lesions  with  artificial  fever.  Two  years  later, 

Davis  (27)  reported  similar  lesions  following 
dehydration  shock.  Fegler  (31)  in  1946  subjected 
rabbits  to  low  barometric  pressure  and  observed 
congestive  atelectasis  in  their  lungs.  The  same  year, 
Cleghorn  (18)  traumatised  muscle  and  produced 
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pulmonary  lesions.  The  first  renort  of  lung  lesions 
produced  by  blood  loss  in  dogs  was  published  the 
following  year  by  Eaton  (29).  In  1949,  Campbell  (14) 
produced  congestion  and  hemorrhage  in  the  lungs  of 
doss  subjected  to  increased  intracranial  pressure. 

Since  that  time  numerous  other  investigators  have 
attacked  the  problem  of  shock  lung,  each,  with  a 
specific  favorite  hypothesis  as  to  its  pathogenetic 
mechanism  in  mind.  Jt  is  useful  to  reiterate  here 
that  the  pulmonary  lesions  are  certainly  not  specific 
for  any  conditions,  and  that  they  most  likely 
represent  the  limited  ways  in  which  the  lung 
parenchyma  reacts  to  any  injury  or  to  any  disturbance 
of  its  int e gri ty . 

Among  the  various  theories  which  attempt  to 
explain  the  lung  lesions,  several  have  been  pursued 
intensively . 

Micro embolism  is  considered  by  some  to  be 
of  major  imnortance.  These  microemboli  could  come 
from  multiple  transfusions  of  whole  blood.  Support 
for  this  theory  came  from  studies  of  changes  in  screen 
filtration  pressure  by  kcilamara  (64).  Blaisdell  (Q) 
demonstrated  that  the  vegibus  return  following  declsmpin 
a  cross-clamped  aorta  in  dogs  contained  embolic 
material,  and  that  platelet  aggregates  could  be 
observed  in  pulmonary  capillaries.  The  pulmonnrv 
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pathologic  changes  under  those  experimental  conditions 
seemed  to  be  favorably  influenced  by  controlled 
ventilation  and  heparinization  (90). 

In  the  sane  context,  diffuse  intravascular 
coagulation  is  believed  by  others  to  be  the  underlying 
pathogenetic  factor  (Hardaway/  (43))- 

Fat  embolisation  certainly  can  ml ay  a 
significant  role  in  certain  situnti  ons  where  extensile 
so^t  tissue  trauma  and/or  multiple  Iona  bone  fractures 
occur.  In  human  cases,  it  is  obvious  that  aspiration 
(Hedden  ( /1 6 ) )  ,  oxygen  toxicitv  (Hamh  (76)).  and 
superimposed  nulm onarv  infection  (Cellinis  (20))  can 
complicate  the  clinical  picture  and  add  to  the 
pulmonary  insufficiency.  For  the  most  cart,  however, 
animal  experimented  models  have  been  focused  on  either* 
a  neurogenic  or  a  humoral  pathogenesis  of  the  shock 
lung  syndrome . 

In  1966,  Sea.ly  (83),  usina  a  modified 
'diggers'  shock  mode1  (107),  shoved  that  18  out  of  2d 
dogs  subjected  to  shock  had  Inn.'"  involvement.  Various¬ 
sized  areas  of  hemorrhage  were  seen  macro scooically, 
and  there  were  interstitial  edema,  perivascular  cuffing 
by  leukocytes,  and  hemorrhagic  atelectasis  on 
hi stole mi cal  examination.  The  amazing  feature  vas 
that  these  changes  occurred  acutely  durinm  a  two-hour 
period  of  shock  and  were  not  accompanied,  by  major 
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alterations  of  pulmonary  function.  This  certainly  was 
at  variance  with  the  clinical  syndrome  seen  in  patients 
where  the  pulmonary  lesions  developed  only  after 
a  certain  lag  period  and  where  changes  in  pulmonary 
function  were  prominent. 

The  findings  in  dons  were  subseouently 
confirmed  by  Henry  (47),  Cook  (21),  Sugg  (94), 

Bryant  (10),  and  Barkett  (9),  although  the  percentage 
of  shocked  dogs  developing  lung  lesions  varied 
from  32fo  (104)  to  90 %  (82). 

Meyers  (65),  however,  ouestioned  the 
significance  of  those  pulmonary  lesions.  He  observed 
no  changes  in  the  lungs  of  30  dogs  subjected  to 
hemorrhagic  shock  when  he  fixed  the  lunrs  in  un¬ 
expended  state  using  either  intrabronchiel  or 
intra-arterial  perfusion  of  the  lungs  with  the  fixing 
solution. 

Pulmonary  lesions  consisting  of  interstitial 
thickening,  interstitial  or  alveolar  hemorrhage, 
atelectasis  and  congestion  were  also  observed  in 
c at s  sub j  e c t e d  to  hero r rhagi c  sho ck  ( 7 i 1 son  (ill)) 
and  baboons  in  shock  (Moss  (68)).  Here  again, 

Buckberg  (11)  could  not  confirm  the  findings  in 
shocked  baboons  and  only  observed  occasional  minimal 

which  he  ascribed  to  incomplete 


segmental  atelectasis, 
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aeration  of  the  lungs,  and  occasional  subpleural 
hemorrhage  over  the  upper  lobes,  possibly  resulting 
from  the  thoracotomy  and  manipulation  of  the  lungs. 

The  canine  shock  preparation  continues  to 
be  popular  among  investigators,  however. 

Barkett  (5)  studied  the  role  of  surfactant 
in  shock  lung,  and  concluded  that  one  would  have  to 
postulate  a  direct  inhibitor  of  surfactant  material 
if  surfactant  were  to  be  significant  in  the  pathogenesis 
of  shock  lung.  The  turnover  rate  of  surfactant  is 
from  18  to  24  hours,  and  there  was  no  decrease  of 
surfactant  material  within  24  hours  of  shock,  while 
the  lung  lesions  appeared  during  the  two-hour  shock 
period . 

In  1967,  Willwerth  and  Crawford  (108) 
reported  that  the  lung  lesions  in  shocked  dogs  could 
be  prevented  by  exclusion  of  the  lung  from  the 
circulation  during  the  period  of  shock.  The  excluded 
lung  continued  to  be  free  of  lesions  following 
re-establishment  of  the  circulation  at  the  end  of 
the  shock  period.  The  authors  concluded  that  the  lung 
lesions  in  the  contra-lateral  lung  were  caused  by 
"functional  demand"  in  the  face  of  low  blood  flow. 

The  possibility  remained,  however,  that  circulating 
factors  were  responsible  for  the  lung  lesions,  and 


that  the  excluded  lima  was  not  exposed  to  those 
circulating  factors  and  was  thus  protected,  for  this 
to  be  va.lid,  one  would  have  to  postulate  that  the 
circulating  factors  were  inactivated  very  quickly 
or  that  they  were  produced  locally  in  the  lung  during 
shock  in  order  to  explain  the  absence  of  lesions  even 
following  re-establishment  of  the  circulation.  Or  else, 
continued  exposure  of  the  lung  to  those  factors  xor 
an  unknown  minimal  amount  of  time  would  have  to  be 
necessary  to  cause  the  pathology  of  shock  lung. 

Interest  in.crea.sed  when  in  196?  Sugg  (92) 
reported  that  the  lesions  could  be  prevented  by  prior 
total  denervation  of  the  lung  achieved  by  completely 
removing  and  re-implanting  it  in  the  dog.  He  concluded 
that  neural ly-medi at ed  factors  -olayed  an  important 
role  in  causing  shock  lung.  He  expanded  on  the  issue 


in  1969  (93). 

t  ft  the  meantime,  Tro  s  s  f 6^)  showed,  that  there 
,.T0r.  p v>  increase  in  interstitial  sodium  ions  as  seen 
under  the  electron  microscope  in  lure's  of  baboons 
subjected  to  hemorrhagic  shook.  He  postulated  that 
an  increase  in  affinity  of  collagen  for  sod:. urn  might 
bo  the  initiating  facto-  for  interstitial  edema.  If 
this  were  true  in  dogs  also ,  the  sodium  uptake  by 
interstitial  collagen  fibers  might  well  prove  to  be 
sensitive  and  early  index  ox  shock  lung  oranges. 
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Lev/in  (57),  using  a  slightly  different  canine  shock 
model  (the  dogs  were  at  60  mmHg  systolic  blood  pressure 
for  15  minutes,  then  at  40mmHg  for  90  minutes,  instead 
of  the  usual  two  hours  of  40  mmHg  systolic  blood, 
pressure)  and  a  modification  of  T-f  os  s' method  of  fixing 
and  staining  lung  tissue,  suggested  that  there  was 
no  consistent  increase  in  interstitial  sodium  in  the 
lungs  of  shocked  dogs  as  compared  to  normal  controls. 

With  the  above  considerations  in  mind,  0. 
standard  canine  shock  preparation  was  used  in  this 
series  of  experiments,  and  an  attempt  was  made  to 
determine  whether: 

-  interstitial  sodium  was  increased  in 
shocked  dogs,  and  whether 

-  plasma  obtained  from  dogs  in  shock  could 
cause  the  pathology  of  shock  lung  when  infused  into 


normal  dogs. 
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MATERIALS  AND  H1TH0D3 . 

Fifteen  mongrel  dogs  were  used. 

The  animals  were  fasted  for  approximately 
sixteen  hours  and  were  then  anesthetized  with 
intra-venous  Sodium  Pentobarbital  (Nembutal), 

25  mg /kg  body  weight,  followed  by  supplementary 
Nembutal  as  needed.  A  cuffed  endotracheal  tube  was 
inserted  into  the  trachea,  and  the  animals  were 
allowed  to  breathe  room  air  spontaneously. 

Both  femoral  arteries  and  veins  were  exposed. 

A  siliconized  P-220  catheter  was  inserted  into  one 
femoral  artery  and  advanced  until  the  tip  was  positioned 
in  the  thoracic  aorta.  Another  catheter  was  inserted 
into  a  femoral  vein  and  advanced  until  the  tip  was 
in  the  intrathoracic  portion  of  the  inferior  vena  cava. 
The  catheters  were  connected  to  a  Sanborn  apparatus 
for  arterial  blood  pressure  and  central  venous  pressure 
monitoring.  Arterial  blood  was  withdrawn  from  the 
arterial  catheter  for  determination  of  pH,  pO^,  ant^ 

A  large  bore  catheter  was  inserted  into  the 
other  femoral,  artery  and  was  used  to  rapidly  bleed  the 
animal  when  indicated.  Another  large  bore  catheter 
was  inserted  into  the  second  femoral  vein  and  was  used 
to  either  collect  blood  at  the  end  of  the  shock  period, 
or  to  infuse  plasma,  as  the  experiments  indicated. 

At  the  end  of  each  experiment,  a  rapid  right 
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thoracotomy  was  performed,  the  broncho-vascular 
bundle  to  each  lobe  was  cross-clamped,  and  the  lobes 
were  rapidly  removed. 

The  middle  lobe  was  intrabronchially  and 
intra-arterially  perfused,  with  the  perfusion  solution 
described  by  Moss  (69):  a  catheter  was  introduced 
into  the  middle  lobe  artery  and  was  connected  to  a 
reservoir  hanging  50  cm  above  the  lung  specimen. 

The  perfusion  solution  was  allowed  to  f1  ow  into  the 
lung  by  gravity,  with  occasional  slight  flushing 
when  the  system  was  clogged.  A  Pasteur  Dinette  was 
used  to  slowly  instil1  the  perfusion  solution  into 
the  middle  lobe  bronchus.  The  specimen  was  so  perfused 
for  ^0  minutes.  Pour  small  snecimens  were  cut  out 
from  mrosslv  nomad  aroos  of  the  dorsal  asnoct  of  the 
lobe .  Thev  were  immersed  in  the  same  uerfusion  solution 
for  another  two  hours  at  A  degrees  C.  The  snecimens 
were  then  d.ehvd rated  in  increasingly  concentrated 
solutions  of  ale  oho1  ( alcohol  for  5  minutes, 

70 fo  alcohol  "or  5  minutes,  SOfo  alcohol  for  5  minutes) 
and  were  kept  in  a.  95’w  alcohol  solution  at  4  degrees  C 
until  they  were  embedded  in  ’non,  thin- sectioned  and 
stained  with  Ur  any!)  aceta.te  and  Lead  citrate  for 
examination  under  the  electron  microscope. 

Lung  specimens  were  also  obtained  from  the 
inferior  area  of  the  upper  lobe  and  the  superior 
segment  of  the  lower  lobe,  fixed  in  10 c/o  fo-rmalin 
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solution,  sectioned  and  stained  with  ho.  toxylin 
and  oosin  for  examination  under  the  lj  -ht  micro  scone . 
These  specimens  were  also  taken  from  grossly 
normal  areas. 

Preparation  of  the  Perfusion  Solution: 

For  each  dog,  200  ml  of  fresh  solution  were 

used . 


3.2  grams  of  Potassium  Pyroantimonate 
(Fisher  Scientific  Lab.)  were  dissolved  in  120  ml 
of  distilled  water  with  the  aid  of  heat.  The  solution 
was  allowed  to  cool. 

Two  grans  of  Osmium  Tetroxide  (Fisher 
Scientific  Lab.)  were  dissolved  in  50  ml  of  distilled 
water  and  4  ml  of  0.1N  HC1.  This  was  add.ed  to  the 
Potassium  Pyroantimonate  solution. 

The  rH  was  adjusted  to  a  value  of  7.6  with 
the  addition  of  0.01N  Acetic  Acid,  and  the  volume  was 
made  up  to  200  ml  by  addition  of  distilled  water  to 
make  up  a  final  solution  of  1.6’  Potassium  Pyroanti¬ 
monate  and  1.0 to  Osmium  Tetroxide. 


G-rours  of  hogs: 

The  dogs  were  divided  into  four  grouns.  See 
Table  1  on  rage  75  for  a  summary. 


Control s . 


ic 


1.  Group  A;  2  flops.  Normal 

The  dors  were  prepared  as  indicated  above. 
Baseline  data  (blood  pressure,  central  venous  pressure, 
respiratory  rate,  arterial  pH,  pO^  and  rCOp)  were 
obtained.  An  hour  later,  a  right  thoracotomy  was 
performed  without  any  other  procedures. 

2.  Broun  B:  2  do as.  Beciaients  of  "Normal  Plasma" . 

The  dogs  were  prepared  as  above.  Baseline 
data  were  obtained,  then  "normal  plasma"  obtained  from 
non- shocked  dogs  was  infused  through  the  femoral  vein. 
Ton  minutes  after  completion  of  the  infusion,  data  were 
a yain  obtained.  Fifty  minutes  later,  a  right  thoracotomy 
was  performed  and  the  right  lung  taken  out. 

3 .  Group  C:  6  dogs.  'Chocked  Bogs. 

The  dogs  were  prepared  as  above,  and  baseline 
data  were  obtained.  The  dogs  were  then  rapidly  bled 
from  the  femoral  artery  to  bring  the  arterial  systolic 
pressure  to  dO  mmHg  within  11  minutes.  The  blood 
collected  at  this  time  was  used  to  obtain  the  "normal 
plasma"  which  was  infused  into  Group  B  dogs.  The 
Group  G  dogs  were  kept  at  40  mmHg  for  two  hours,  then 
data  were  obtained.  As  much  blood  as  possible  was 
subsecuently  obtained  from  the  femoral  artery  and  the 
femora,!  vein,  the  nl asms,  separated  to  constitute 
"arterial  shock  plasma"  and  "venous  shock  alarms." 
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respectively.  These  plasmas  were  infused  into  Group  D 
dogs.  After  blood  was  obtained  from  the  Group  C  dogs, 
e,  right  thoracotomy  was  performed  and  the  right  lung 
taken  out. 

4.  Group  D:  5  dogs.  Recipients  of  "Shock  Plasma". 

^he  do  °r  were  n repared  as  ahovs.  end  baseline 
data  obtained.  "Shoe1'  plasma"  obtained  from  shocked 
dogs  was  infused  through  the  femoral  vein  end  data 
were  again  obtained  ten  minutes  after  completion  of 
the  infusion,  fifty  minutes  later,  the  dogs’ lunrs  were 
removed  as  described  above.- 


21 


RESULTS . 

The  data  of  each,  experiment  can  be  found 
in  the  Appendix,  pp.60  to  74. 
j,i  <rrht  Hi  c n o  s e  o n y  Re  sul  t  s  . 

These  are  summarised  in  Table  2  on  page  76. 

The  changes  in  the  lungs  were  graded  from 
1+  to  3+  according  to  both  the  severity  of  the 
natho logic  findings  themselves  (i.e.,  capillary 
congestion,  polymorphonuclear  leukocyte  infiltration, 
interstitial  thickening,  interstitial  or  intra-alveolar 
hemorrhage ,  and  atelectasis)  and  the  extent  - o. 
diffuseness- of  the  changes  as  determined  by  looking 
at  six  to  nine  lung  sections  for  each  dog: 

1+  :  slight  changes.  See  Figure  1  on  cage  79 . 

2+  :  moderate  changes.  See  figure  3  on  page  80. 

3+  :  severe  changes.  See  Figure  6  on  cage  81 . 

No  fibrinous  or  hyaline  deposits  were 
observed  intra-alveolarly  in  any  dogs,  and  scattered 
intra-alveolar  hemorrhage  was  seen  only  in  the 

Group  C  shocked  dogs. 

Five  of  the  six  Group  C  shocked  dogs 
showed  extensive  changes  consistent  with  the  reported 
pathological  findings  of  shock  lung,  as  did  three 
of  the  five  Group  F  dogs  that  had  received  snoex 
plasma.  However,  one  of  the  two  Group  B  dogs  infused 
with  normal  control  plasma  also  demonstrated  3+ 


histological  changes. 

The  two  normal  control  dogs  (Group  A)  did 
not  show  completely  "normal"  lungs  either.  Dog  ,#S-13066 
(Experiment  ,-10)  had  patchy,  mild  capillary  congestion, 
slight  infiltration  with  polymorphonuclear  leukocytes, 
and  even  a  mild  degree  of  atelectasis  and  interstitial 
thickening  (1+  changes) .  ^he  other  dog  (Experiment  #15) 
had  more  extensive  and  severe  involvement  and  was 
graded  as  having  2+  changes. 

Electron  ^icrosco n y  Results . 

Two  major  criteria  were  used  to  determine 
the  u.l trastructural  changes  in  the  lungs. 

The  first  was  disruption  of  the  interstitium, 
as  evidenced  by  interstitial  clear  spaces,  increased 
thickness  of  the  interstitium,  and  disruption  of  the 
collagen  fibers. 

The  other  criterion  examined  was  the 
distribution  and  extent  of  electron-dense  deposits 
which  were  purported  to  represent  sodium  pyroantinonate 
complexes.  Three  kinds  of  electron-dense  materials 
were  observed.  The  first  kind  was  small  dots,  distribute 
diffusely  over  the  interstitium  and  the  intracellular 
•space  of  most  lung  sections,  more  so  over  the  collagen 
fibers  than  elsewhere.  They  were  most  clearly  seen 
at  a  magnification  of  20,000-fold  or  more,  and  are 
illustrated  by  Figures  11  and  14  on  pages  85  end  88. 


23 


The  second  type  was  larger  aggregates  of 
electron-dense  material,  found  less  often  that  the 
first  kind  but  again  present  in  comparable  amount 
in  all  dogs.  They  tended  to  be  mostly,  in  the  capillary 
and  alveolar  spaces,  near  the  surface  of  cells.  They 
are  represented  in  figures  9  and  14  on  pages  83  and  88. 

The  third  kind  of  deco sit  of  note  was 
elonga.ted,  less  electron-dense  material  looking  1  ive 
crystals  of  some  vind,  which  were  found  in  s°me 
interstitial  clear  spaces  o^  a  few  dogs  belonging 
to  all  four  rroun s .  They  cm  be  seen  in  ^imwf’s  16  and  2 
pames  90 , 98  .The  nature  these  ovursto"i  — li  ve  deposits 
is  imknov.no ,  but  the  first  two  kinds  nrobebly 
represented  sodium. 

Both  the  interstitial  disruption  and  the 
extent  of  interstitial  sodium  donosi tion  wore  mrp.de d 
from  1-t-  to  3J  as  with  the  light  mie^oseo-ij.  e  eh  a  ges. 

The  results  are  summarized  in  Tabl  es  3  and  4  on  panes 
77  and  78  ,  and  examples  of  the  electron- 

microscopic  appearance  of  lungs  can  be  seen  in 
figures  9  to  27  on  pages  83  to  101. 

There  were  only  occasions.!  ola-telets  seen 
in  the  canillary  spaces.  The  ninocytic  vesicles  of 
endothelial  cells  did  not  seem  to  be  increased,  in  the 
Group  0  shocked  dogs,  contrary  to  what  was  observed 
by  Barkett  (5).  There  was  blunting  of  the  type  II 
pneumocyte  epithelial  microvilli  in  the  Group  0 
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shocked,  dogs,  as  can  be  seen  in  Figure  18  on  rage  opt 
Otherwise,  there  was  no  gross  difference  in  t;rne  I 
or  type  II  alveolar  cells  between  normal  or  shocked 
dogs.  The  intracytoplasrnic  granules  of  type  II 
pneumocytes  were  found  to  be  empty  in  most  dogs, 
normal  as  well  as  shocked. 


DISCUSSION 
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The  Question  of  neurotonic  versus  humoral 
pathogenetic  mechanisms  operative  in  shock  lung  has 
always  fascinated  investigators. 

As  early  as  in  1949?  Campbell  (14),  working 
on  pulmonary  edema  in  dogs  subjected  to  increased 
intracranial  pressure,  postulated  that  the  increase 
in  intracranial  pressure  caused  a  vagal  discharge, 
thus  accounting  for  the  observed  bradycardia  and 
decreased  cardiac  output.  Pulmonary  venous  pressure 
would  subsequently  rise  and  cause  fluid  to  extravasate 
from  the  pulmonary  circulation. 

In  1956,  Maine  and  ^atton  (59)  produced 
pulmonary  edema  in  rats  by  placing  lesions  in  the 
animals 1 pre-ootic  nucleus.  The  pulmonary  lesions 
were  circumvented  by  adding  lesions  in  the  caudal  part 
of  the  hypothalamus  or  by  cervical  cord  transection. 
They  hypothesized  that  the  caudal  part  of  the  hypothal¬ 
amus  had  an  activity  to  cause  pulmonary  edema  by  way 
of  the  cervical  cord,  and  that  this  was  antagonized 
by  the  ore-ortic  nucleus.  They  did  not  measure 
pulmona ry  h e m o  dynam i c  c h an yes,  ho w ever. 

As  mentioned  above,  Willwerth  (108)  in  1967 
showed  that  total  denervation  of  the  lung  prevented 
lesions  from  developing  during  shock  in  dogs.  Barkett 
(6)  could  not  reproduce  this  in  1971,  but  that  group 
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simply  stripped  the  pulmonary  hilum  instead  of 
completely  transecting  and  re-anastomosing  the 
pulmonary  vessels.  A  possibly  incomplete  denervation 
thus  could  not  be  excluded. 

In  1970,  Simeone  (87)  postulated  that  the 
central  nervous  system  was  the  site  of  hypoxic 
metabolic  derangement  during  shock.  Disturbances  in 
hypothalamic  oxidative  metabolism  in  particular  would 
trigger  pulmonary  complications  through  an  autonomicall 
mediated  increase  in  venular  resistance  and  capillary 
hypertension  in  the  lung. 

In  1971,  Moss  (70),  using  carotid  artery 
oerfusion  with  mixed  external  jugular  and  superior 
vena  cava  blood,  succeeded  in  producing  isolated 
cerebral  arterial  hypoxemia  in  the  dog.  Hypocarbia 
secondary  to  hyperventilation  was  prevented  by  adding 
COp  to  the  inspired  air.  Eighteen  out  of  eighteen 
dogs  subjected  to  that  type  of  cerebral  hynoxia 
showed  pulmonary  lesions,  hone  of  the  eis^t  controls 
developed  lesions.  Tross  (71)  and  his  groun  further 
elaborated  on  the  possible  cerebral  etiology  of  the 
shock  lung  syndrome  in  1972.  In  1971 ,  Staunton  (°l) 
from  the  same  1  aboratorv  reported  similar  lung  lesions 
in  calves,  ni gs ,  monkeys  and.  rabbits  subjected  to 
isolated  cerebral  hvooxia.,  The  lung  lesions  wore 
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prevented  by  prior  pulmorar'”'  denervation  in  all  the 
above  snecies. 

Thus,  there  seers  to  be  rood  evidence  that 
neurotonic  factors  pro  at  least  necessary  for  the 
development  of  lung  lesions  during  shock  in  the  dor. 
These  neural  fa.ctors  could  account  for  the  increased 
pulmonary  vascular  resistance  observed.  (Cook  (21)). 
Humoral  factors,  however,  can  also  play  a  role  in 
producing  increased  pulmonary  vascular  resistance. 

The  question  now  arises  as  to  which  of  three 
alternatives  actually  cause's  the  increase  in  nulmonary 
vascular  resistance:  arteriolar  constriction, 
venoconstriction,  or  possibly  a  combination  of  the  two. 

Increased  pulmonary  vascular  resistance  has 
also  been  shown  by  Kho  (51)  and  Desa.i  (28)  to  occur 
in  shocked  dogs.  Desa.i  (28)  demonstrated  a.  slight  fall 
in  mean  pulmonary  arterial  pressure  during  the  shock 
period,  but  the  pulmonary  venous  pressure  was  not 
measured.  The  increased  nulmonary  vascular  resistance 
persisted  during  resuscitation  with  transfusion,  and 
caused  an  increase  in  mean  pulmonary  arterial  pressure 
during  and  after  resuscitation.  Subsequent  work  by 
other  investigators  provided  evidence  for  both 
venoconstriction  and  arteriolar  constriction  in 
shocked  dogs. 


28 


Sugg  (92)  found  that  the  pressure  in  the 
small  pulmonary  veins  of  dogs  fell  less • than  the  left 
atrial  pressure  during  shoe1:,  and  that  the  pulmonary 
arterial  pressure  was  slightly  more  than  the  pulmonary 
venous  pressure  throughout  the  shook  period.  Complete 
denervation  of  the  lung  seemed  to  decrease  the  pressure 
in  the  ipsilateral  small  pulmonary  vein  during  shock 
to  a  greeter  extent  than  that  in  the  contralateral 
innervated  lung.  Sugg  thus  postulated  that  during 
shock,  constriction  of  the  post-capillarv  bed  at  the 
small  pulmonary  vein  level,  possibly  caused  by  neurogenic 
factors,  induced  increased  capillary  hydrostatic 
pressure  and  extravasation  of  plasma,  and  blood. 

Keller  (80)  similarly  postulated  pulmonary  venous 
constriction  to  be  the  primary  event  leading  to  the 
pathological,  changes  of  shock  lung.  Support  for  this 
theory  of  veno constriction  came  from  direct  in  vivo 
observation  of  venoconstriction  in  the  microcirculation 
of  the  lung  during  shock  (Kusspirna  (54)). 

Veith  (101,102)  and.  Wilson  (110),  on  the 
other  hand,  believed  that  pulmonary  arteriolar 
vasoconstriction  was  the  primary  event.  Working  with 
hemorrhagic  shock,  homologous  blood  transfusions  and 
pump-oxygenator  procedures,  Veith  (101)  showed  that 
all  the  above  situations  led  to  lung  lesions  topical 
of  "shock  lung"  in  clous.  He  observed,  increased 
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pulmonary  vascular  resistance  without  capillary 
enyoryenent ,  and  he  noticed  that  the  earliest  lesion 
seen  was  peri -arte rial  hemorrhage .  Direct  in  vivo 
observations  yielded  the  exactly  ounosite  results 
to  those  reported  by  Eusa.i ima,  (54).  The^e  vas  arteriolar 
constriction  and  no  veno constriction.  Veith  thus 
postal  ated  that  a.  variety  of  conditions,  uossibly 
in  o'*  udiny  humoral  * -vents  circulating  in  blood,  could 
J  end  to  active  grto^iol  ar  eo'-o  s  t-*-*! o 1 2  on  t'^'u  cousina 

n o "'■'i- _ pr+^yi  r>n  homo u'-’ha  ,~*b  4  Seconder*^  v°  a 0 di  "l  station 

wo i'D  d  occnr  i  eodina*  to  c an i  1  "I  n^r  gn vorarement ,  diffuse 
"oul  "'OT'snr  Vi pngrrh? as  and  edema  These  chg.ri a* 6 s  were 
also  observed  bv  Vni  th  in  isolated,  n erf used  lunms, 
thus  oxcl  udinv  tot  a.l  den  end  once  on  central  neurogenic 
factors  or  cerebral  hvnoxfa.  a,s  a  necessary  factor 
in  the  natho  vcnesD  s  of  shoot  lunv. 

The  ruestion  of  veno constriction  versus 
arteriolar  constriction  thus  is  sti  11  unresolved,  a.nd 
the  additional  concent  that  humoral  a. vent s  a.nd  not 
n euro sonic  doctors  are  nrimarily  responsible  for  the 
luna • lesions  provides  .around  for  more  controversy 
an d  d i a cue  si o n . 

Relating  to  the  blood  vessel  constriction, 
Gilbert  (37),  in  1958,  worhiny  with  isolated  perfused 
dor  lunys,  showed  that  histamine  usually  increased 
venous  resistance.  Serotonin,  on  the  other  hand, 
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usually  increased  arterial  resistance  nore  than 
venous  resistance.  The  pressure  in  snail  pulmonary 
veins  consistently  rose  after  administration  of 
epinephrine  and  norepinephrine .  In  1965,  Sukhnandan  (95) 
also  showed  that  histamine,  serotonin,  eninephrine 
and  endotoxin  proved  to  be  vasoconstrictor,  both  at 
the  arteriola.r  and  the  small  oulmonary  venous  level, 
in  the  isola.ted  perfused,  dog  lung.  Bradvkinin  was  not 
a  vasoconstrictor.  Daicoff  (24)  in  1968  injected 
serotonin  intravenously  into  d.ogs  and  produced 
pulmonary  arterial  hypertension  without  significant 
changes  in  left  atria],  or  pulmonary  venous  pressures 
measured  just  outside  the  nericardium.  Aviado  (2) 
reviewed  the  effects  of  various  vasoactive  agents  on 
the  pulmonary  microcirculation.  He  commented  that 
the  agent  or  agents  responsible  for  the  na.tho  gene  si  s 
of  the  pulmonary  lesions  would  have  to  be  able  to 
increase  pulmonary  airway  resistance,  increase 
nulmonary  vascular  resistance  and  decrease  pulmonary 
compliance.  ATP  is  unlikely  since  it  is  rapidly 
hydrolyzed  to  ADP  in  the  circulation.  A'DP  does  not 
constrict  pulmonary  blood  vessels,  although  it  does 
aggregate  statelets  and  thus  may  cause  obstruction  to 
blood  flow  and.  release  of  serotonin  from  platelets. 
Serotonin  and  catechol amines  both  cause  olatelet 
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aggre nation  and  constrict  “blood  vessels.  Histamine 
increases  venous  resistance  more  than  arterial  resist¬ 
ance,  but  ha.s  no  effect  on  platelet  asrre ration . 

Recently,  more  attention  has  been  raid  to 
the  metabolic  function  of  the  lungs,  and  this  was 
succintly  reviewed  by  Fishman  and  Pietra  (33).  Of 
particular  relevance  are  the  synthesis  by  the  lungs 
of  various  vasoactive  agents  such  as  prostaglandins, 
the  capability  of  the  lungs  to  discharge  similar 
substances  (histamine,  ke.llikreins , . . . )  into  the 
circulation,  and  certainly  the  normal  role  of  the 
lungs  in  metabolizing  and  inactivating  such  humoral 
agents  as  serotonin,  bradykinin,  adenine  nucleotides, 
norepinephrine  and  prostaglandins  3  and  F . 

It  is  tempting  to  speculate  that  during 
periods  of  shock  or  other  acute  insults  to  the  lung, 
the  endothelial  cells  may  be  so  adversely  affected  as 
not  to  be  able  to  metabolize  either  local  or  systemic 
hormones,  allowing  them  to  accumulate  and  affect  the 
permeability  and/ or  the  int e mri t,tr  of  the  enlothe"^  is.1 
barrier.  This  would  facilitate  the  uassa.ge  of  fluid 
and  o th ^ r*  substances  into  the  intersti tium .  Obviously, 
more  wil  "i  have  to  be  1ryinvm  before  one  can  prove  or 
disprove  that  concent. 

Thu s ,  humoral  sub s t an cos  may  we 11  m ediate 
the  changes  in  the  lungs  seen  in  hemorrhagic  shoe1'. 
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either  by  producing  vessel  constriction,  ps 
above,  or  maybe  by  altering  the  integrity  of  the 
endothelium,  or  possibly  by  a  combination  of  the 
two.  Substances  being  released  into  the  circulation 
during  shock  have  a. ttracted  the  a.ttention  of  many 
investigators,  and  the  possible  role  of  these 
substances  in  maintaining  or  worsening  the  shock  state 
has  been  looked  into  with  increasing  interest. 

As  early  as  in  1944,  Westerfeld  (106)  noted 
that  human  urine  kallikrein  injected  into  dogs  caused 
hypotension  and  death  from 'respiratory  failure,  'dona, 
of  the  lung  S  W  St  s  observed  in  one  dog.  However,  in  1959? 
Webster  (105)  failed  to  reproduce  the  results:  infusion 
of  either  pancreatic  or  urinary  kallikrein  did  not 
kill  the  dogs  even  when  massive  amounts  of  ka.llikrein 
were  given.  Measurements  of  kallidinogcn  content  of 
plasma  from  dogs  killed  with  either  endotoxin  or  by 
irreversible  shock  indicated  that  small  amounts  of 
kallikrein  might  have  been  released,  however.  As  noted 
by  Westerfeld  (106),  kallikrein  is  readily  inactivated 
in  serum,  so  one  would  not  expect  the  plasma  used  in 
the  Group  ~D  dogs  described  in  this  paper  to  contain 
significant  amount  of  kallikrein. 

In  the  1950's,  Ravin  (80)  isolated  a  toxic 
factor  from  the  plasma  of  dogs  subjected  to  hemorrhagic 
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shock  which  could  cause  death  when  infused  into 
reversibly  shocked  rabbits.  That  factor,  however,  had 
many  of  the  characteristics  of  bacterial  liuopoly- 
saccharide.  One  must  always  be  cautioiis  in  interpreting 
the  results  of  experiments  where  endotoxin  or  sepsis 
may  be  involved.  Septic  shock  is  quite  different  from 
hemorrhagic  shock,  although  there  always  remains  the 
possibility  that  endotoxin  can  be  absorbed  through 
the  damaged  intestinal  mucosa  during  hemorrhagic  shock. 
Schwcinburg  (8l),  from  the  same  laboratory,  showed  that 
96$  of  shocked  doss  reinfused  with  their  own  blood 
survived  the  experiment,  whereas  only  31$  of  shocked 
dogs  reinfused  with  shock  plasma  survived  and  only 
20$  of  shocked  do gs  reinfused  with  their  own  red  cells 
and  shock  plasma  survived.  Again,  the  toxic  factor 
was  thought  to  be  a  bacterial  toxin,  since  the  blood 
and  plasma  used  were  sterile  and  ore-treatment  of 
the  shocked  dogs  from  which  shock  olasrna  was  obtained 
with  non-absorbable  antibiotics  increased  the  survival 
rste  of  recioient  dogs. 

Swank  (96),  in  1964,  using  "^'C-labeled 
5— Hydroxyl ryot  amine ,  observed  increases  of  uo  to  600 h 
in  the  circulating  radioactivity  during  hypo  ten  si.  on. 

The  radioactivity  increased  earlier  and  was  greatest 
in  the  oortal  venous  blood.  There  was  concomitant 
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i  nc  r  c  a. °fr'd  platelet  sr'1nfisi  vo^pr^  sh  o’”r  u-^r  ~n  o  o r* 

wool  filtration  experiments . 

In  19^1,  Fukuda  (34)  reported  the  isolation 
of  an  endogenous  shock— inducing  factor  ”^00  the  olaroa 
of  docs  in  hemorrhavic  shock,  he  believed  the  factor 
was  different  from  endotoxin  because  it  produced  no 
leukopenia,  nor  increased  f.ncose  tolerance. 

Bradykinin  was  shown  to  be  released  in 
significant  amounts  during  shock  in  humans  (Attar  (1) ) 
and  was  believed  to  contribute  to  the  hypotensive 
state  through  vasodilatation.  Olcott  (77),  on  the 
other  hand,  did  not  detect  measurable  elevation  of 
plasma  bradykinin  in  5  patients  with  diffuse  intravasc¬ 
ular  coagulation  following  major  trauma  who  demonstrated 
mi cro thrombi  and  changes  indicative  of  increased 
capillary  permea.bility  in  the  lungs.  He  pointed  out 
that  the  presence  of  bradykinin  locally  in  the  lungs 
could  not  be  ruled  out. 

Of  possible  relevance  was  the  characterisation 
of  a  vascular  permeability-enhancing  factor  isolated 
from  human  platelets  by  Nachman  (75).  This  factor, 
besides  increasing  vascular  permeability  in  rabbit 
skin,  could  also  release  histamine  from  mast  cells. 

It  is  well  known  that  mast  cell s  e.re  present  in  the 
lungs  in  appreciable  euantity. 
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Chryssanthou  (17)  found  a  polypeptido  in 
the  lungs  and  various  other  organs  of  mouse,  man,  dog 
and  other  species  that  increased  responsiveness  of 
smooth  muscle  organs  (including  blood  vessels)  to 
vasoactive  substances,  and  which  also  could  increase 
vascular  permeability.  Rabbits  subjected  to  hemorrhagic 
shock  showed  a  four-fold  increase  in  the  plasma  level 
of  this  polypeptide. 

Substances  released  into  the  superior 
mesenteric  vein  following  occlusion  of  the  superior 
mesenteric  artery  caused  congestion,  edema  and  capillary 
changes  in  the  lungs  when  they  were  infused  into  the 
pulmonary  artery  (Hashimoto  (45)).  The  role  of  endotoxin 
in  this  setting  may  be  significant. 

lefer  (56)  isolated  a  myocardial  depressant 
factor  ("'"DR)  from  the  portal  venous  blood  of  cats 
subjected  to  shock.  He  believed  this  polypeptide  to 
originate  from  the  pancreas.  Pre-treatment  with 
frasvlol,  a  proteinase  inhibitor,  was  found  to  decrease 
the  level  of  T-TDR  .  Trasylol  was  also  found  to  increase 
the  survival  rate  of  rats  shocked  by  trauma,  mice 
shocked  by  burns,  and  dogs  subjected  to  anaphylactic 
shock  (Back  (3)).  Glenn  jet  al.  (38)  used  Aprotinin, 
another  proteinase  inhibitor,  and  found  that  cats 
subjected  to  hemorrhagic  shook  and  treated  with  this 
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agent  did  not  exhibit  a  significant  plasma  accumulation 
of  HDT  .  Thus,  it  is  believed  that  kallikrein  and 
other  proteases  from  pancreatic  secretions  could  be 
released  in  significant  amount  during  shock  and  would 
break  down  circulating  polypeptides  into  smaller 
peptides,  some  of  which  might  possess  biologic  activity 
and  influence  other  organs .  In  support  cf  this  theory, 
Snath  (89)  found  that  severe  prolonged  pancreatic 
hypoperfusion  contributed  si gr.i^i cantly  to  lysosomal 
disruption,  as  evidenced,  bv  el e vati ons  of  plasma 
cathen sin  13  activity  an d  plasma  beJ7a— glucuronidr sc 
activity,  and  concomitant  production  of  1T)T  .  formal 
perfusion  of  the  pancreas  while  the  reminder  of 
the  organism  was  in  shock  prevented  approximately 
half  of  the  increase  in  Ivsosomal  enzymes  and 
markedly  reduced  the  level  of  plasma.  r.'TDi1  .  The  role  of 
ypu  and  similar  polypeptides  in  the  pathogenesis  of 
shock  lung  is  not  known. 

Other  investigators,  among  whom  Soma  (86), 
thought  that  hemorrhagic  enteritis  secondary  to  shock 
in  dogs  might  have  a,  p  at  ho  gene  t  i  c  role  in  producing 
pulmonary  lesions  through  the  absorption  or  release  of 
vasoactive  substances  from  the  gut.  The  gut  would  be 
damaged  by  pancreatic  enzymes  and  vasoactive  materials 
would  form  and  enter  the  circulation  following 
re-establishment  of  blood  flow  to  ific  gut.  However, 
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Henry  (47)  and  McKay  (63)  found  pulmonary  lesions 
in  many  shocked  dogs  which  did  not  have  hemorrhagic 
enteritis.  Hemorrhagic  enteritis  conceivably  could 
contribute  to  the  pulmonary  pathology,  in  some  cases. 

In  summary,  the  prospect  that  vasoactive 
substances  are  involved  in  the  pathogenesis  of  shock 
lung  is  very  exciting,  but  it  has  never  been 
unequivocally  proved.  Attempts  at  demonstrating  those 
substances  through  cross-perfusion  experiments  by 
Green  (40),  using  ischemic  compression  shock  in  dogs, 
and  by  Clermont  (19),  using  hemorrhagic  shock  in 
dogs,  have  beu  unsuccessful. 

In  the  infusion  experiments  described  in 
this  paper,  plasma  was  used  instead  of  whole  blood 
(except  in  Experiment  ~#4)  to  avoid  the  homologous 
blood  syndrome  described  by  Veith  (101,102).  The 
plasma  was  kept  overnight  at  4  degrees  C  before 
infusion  into  Group  B  and  ID  dogs  the  following  day, 
and  it  is  likely  that  many  substances  were  degraded 
or  inactivated  and  other  materials  were  liberated 
in  the  nrocess.  The  plasmas  were  not  assayed  for 
the  various  vs.soactive  materials. 

The  amount  of  plasma  to  be  infused  into 
Group  D  dogs  (recipients  of  shock  plasma)  was  not 
much  of  a  problem  because  relatively  little  blood  could 
be  obtained  from  the  Groun  C  shocked  dogs,  this  in 
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spite  of  choosing  bigger  and  heavier  dogs  to  be  the 
donors  of  plasma,  from  4.4  ml/kg  body  weight  to 
9.75  ml/kg  BY/  of  shock  venous  plasma  were  infused 
into  Group  T)  logs,  while  the  control  Group  B  dogs 
received  from  6.55  ml/kg  BY/  to  6.77  ml/kg  BY/  of 
no rmal  plasma . 

Shock  was  induced  in  Group  0  dogs  by  acutely 
removing  from  38  ml/kg  BY /  to  71.5  ml/kg  BY/  of  arterial 
blood  (the  mean  was  54.7  ml/kg  BY/  and  the  average 
was  50.7  ml /kg  BY/).  This  was  slightly  more  than  the 
average  amount  reported  by  Wiggers  (107),  i.e.. 

YlO-YL1^  ml/kg  BY/  of  whole  blood,  that  had  to  be  removed 
in  order  to  bring  the  systolic  a.rterial  "ores sure 
down  to  40  mmRg  in  dogs.  Two  of  the  dogs  died  before 
-the  end  of  the  two— hov,",°  sh^ok  "oer*iod  and  comnY  e t e 

rjQnl  (3  y  0  obtained  ^  "a  0"/'^  threa  out  q  r  th  0  p  "i  -y  doms. 
These  three  showed  metabolic  acidosis  compatible  with 
0  degree  of  shock. 


Discussion  of  light  "Results. 

80s  Table  2  on  npre  76  for  3.  suo^arv  01 
the  results. 

To  avoid  chronic  lung  changes  which  sre 
ant  to  occur  in  the  anices  and  the  bases  secondary 
to  previous  pneumonias,  lnnc  specimens  used  in  these 
experiments  were  taker  from  the  inferior  aspect  of 
the  upper  lobe  and  the  superior  aspect  of  the  lower 
lobe . 

Sugg  reported  that  the  light  microscopic 
findings  were  not  influenced  by  re-infusion  or 
non-reinfusion  of  shed  blood  (92),  by  mechanical 
ventilation,  heparinization  or  position  of  the 
animal  during  the  shock  period  (94).  The  protocol 
employed  here  used  no  heparin  and  no  mechanics.! 
ventilation.  Shed  blood  was  not  re-infused  and.  the 
dogs  were  either  supine  or  lying  on  their  left  side 
during  the  experiments. 

As  Meyers  (65)  pointed  out,  the  way  the  lung 
was  fixed,  and  manipulated  might  have  a.  great  and  signif 
icant  influence  on  the  histological  appearance.  In 
this  series  of  experiments,  the  lungs  were  not  fixed 
in  an  inflated  state,  and  this  probably  resulted  in 
one  of  the  two  Group  A  normal  control  dogs  having 
2+  changes .  However,  this  dog  might  not  have  been 
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entirely  normal  at  the  start  of  the  experiment. 
Obviously,  more  normal  control  lungs  need  to  be  looted 
at . 

Both  of  the  Group  B  dogs  (recipients  of 
normal  plasma)  showed  changes  similar  to  those  observed 
in  Group  G  shocked  dogs  and  Or our  D  dogs  (recipients 
of  shod:  plasma)  . 

The  etiology  of  this  appearance  of  apparently 
normal  lungs  is  unknown.  It  could  be  related  to  the 
way  the  lungs  were  maninula.ted  and  fixed  (65). 

Sugg  (94)  found  similar  chainges  in  normal  dogs,  and 
the  changes  were  not  affected  by  treatment  of  the 
do^s  with  antibiotics.  The  lung  tissue  was  sterile 
on  culture.  Thus,  despite  the  presence  of  polymorrho- 
nuclear  leukocytes,  this  most  likely  does  not 
represent  any  acute  bacterial  infection. 

The  anpearance  of  the  lungs  of  the  control 
Group  A  dogs  made  it  difficult  to  evaluate  the  effect 
of  infusion  of  plasma  and  of  hemorrhagic  shock,  although 
the  Group  B,C  and  D  dogs  generally  showed  more  severe 
changes  than  Group  A  dogs. 

The  findings  in  Group  B  dogs  showed  that 
infusion  of  normal  plasma  by  itself  was  capa/ble  of 
affecting  the  histology  of  the  lung.  The  number  of 
experiments  was  too  small  to  allow  any  statistical 


analysis  of  the  significance  of  the  lung  changes. 

Veith  (100)  did  rcnort  that  only  perfusion  with  fresh, 
AGD  blood  at  25  degrees  C  of  isolated,  in  situ  lungs 
did  not  cause  morphologic,  functional  and  hern o dynamic 
change s  in  the  lung.  Other  circu.mstn.nces  of  perfusion 
led  to  lung  lesions,  and  the  results  with  autologous 
and  homologous  blood  were  com  o arable .  Although  Veith 
used,  isolated  lungs ,  it  is  possible  that  sinr1  e 
infusion  of  homologous  r i  a  sma  itself  into  living 

d o ms  can  cause  pultnonarv  change s «  More  dors,  "7ith 
careful  controls ,  will  have  to  ho  studied  before  this 
cuestion  can.be  definitively  resolved. 

In  summary  the  light  microscopic  findings 
are  suggestive  that  infusion  of  plasma,  whether  it 
he  norm  s.l  or  obtained  after  the  shock  period ,  con 
produce  morphologic  changes  in  lungs  that  ere  consistent 
with  "shock  lung" .  The  rate  and  the  amount  of  the 
infusion  may  be  critical. 


42 

Pi  so nnsion  of  the  Electron  TTicrosco n i  c  Re sul t  s  , 

In terstitial  Disrurtion : 

The  results  are  sumra.riz.ed  in  Table  3  on 

pa,7'  77  # 

""ary  investigators  have  looked  at  the  lung 
in  shock  under  the  electron  microscope.  Teplitz  (98), 
working  with  rats,  described  the  alveolar  walls  in  the 
lung  as  comprising  essentially  of  two  regions.:  a  thin 
segment  region  and  a  thick  segment  region.  The  thin 
segment  has  a  combined  thickness  of  approximately 
100  millimicra  and  is  composed  of  alveolar  cells 
and  endothelial  cells,  with  little  intersti tium  and 
few  organelles.  The  thick  segment  contains  most  of 
the  nulmonary  intersti tium.  In  addition  to  pneuraocytes 
and  alveolar  cells,  it  has  collagen  fibrils  in  abundance 
and  scattered  elastic  fibers.  It  is  of  interest  that 
Cottrell  (22)  in  1967  described  that  pulmonary  edema 
produced  by  occluding  the  pulmonary  venous  outflow 
and  rani d  infusion  of  isotonic  saline  in  dogs  occurred 
first  in  the  thick  segments  of  the  alveolo-capills.ry 
membrane.  There  were  widened  spaces  and  dispersion 
of  collagen  fibers.  The  endothelium,  epithelium  and 
their  basement  membranes  smeared  intact .  This  is 
essentially  what  was  described  as  3+  interstitial 


disruption  in  the  lung  sections  examined  in  this 


series 
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In  1969,  Barkett  (5)  described  the  ultra¬ 
structure  of  ce.nine  shock  lungs.  There  were  blunting 
of  epithelial  microvilli,  rarefaction  and  vacuolization 
of  the  cytoplasmic  matrix,  " smudging" .  of  the  lamellated. 
inclusion  bodies  of  type  II  cells,  and  general  disruotio 
of  the  architecture.  There  was  no  significant  change 
in  the  endothelium  except  for  a.  minimal  increase  in 
the  number  of  pinocytic  vesicles. 

In  the  0-roup  C  shocked  dogs  examined  in 
these  experiments,  there  was  blunting  of  the  type  II 
epithelial  microvilli,  but  this  was  also  observed  in 
a  few  lung  sections  obtained  from  Group  A  normal  dogs. 
The  number  of  endothelial  vesicles  was  very  difficult 
to  evaluate,  but  it  would  seem  that  there  was  no 
significant  obvious  increase  in  pinocytic  vesicles 
after  shock  or  infusion  of  plasma.  Host  of  the  inclusion 
bodies  of  type  II  cells  that  were  observed  were  almost 
empty,  both  in  normal  and  in  shocked  dogs.  It. is 
possible  that  this  represented  an  artifact  of  the 
fixation  orocess,  but  it  rngv  be  that  the  stress  of 
the  experimental  procedures  itself  caused  the  discharge 
of  the  contents  of  the  sronules  which  a^e  purported 
i q  be  surfactant  material 

Ratliff  (79)?  in  1979,  described  the  ultra- 
structural  changes  in  the  lunws  of  cats  subjected  to 
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hemorrhage  shock.  The  fv-ne  T  rr.eumocyte  was  swollen 
±0  a  varying  de-ree,  and  then0  also  was  blunting  of 
tvoe  IT  cel"1  microvilli.  The  si wnifi ca.nt  difference 
was  "the  finding  of  platelet  aaarop-aie.s  in  ihe  capillary 
spa.ee,  but  the  author  did  re-infuse  shed  blood  to  the 
cats  following  shock,  and  this  mi ght  well  have  caused 
platelet  microembolization  to  the  lungs,  Ratliff 
also  observed  extensive  electron-lucent  spaces  in  the 
intersti tium,  separating  connective  tissue  elements. 

The  latter  finding  is  consistent  with  what  was 
observed  in  the  Group  G  shocked  dogs  and  the  Group  D 
dogs  that  had  received  shock  plasma  (3+  interstitial 


di eruption) . 

Ross  (68)  found  similar  changes  in  shocked 
baboons,  and  Lewin  (57)  confirmed  that  there  was 
interstitial  thickening  and  disruption  in  the  lungs 
of  sho c k e d  d o gs . 

The  results  of  the  experiments  described  in 
this  pacer  are  strongly  suggestive  of  the  presence 
of  humoral  substances  in  the  plasma,  of  shocked  dogs 
which  are  capable  of  disrupting  the  pulmonary 
intersti tium.  of  recipient  dogs,  four  out  of  six  shocked 
dogs  had  3+  interstitial  disruption,  as  did  three  of 
the  five  dogs  infused  with  shock  plasma.  None  of  the 
four  control  dogs  had  severe  disruption  of  the  collagen 
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fibrils  or  extensive  interstitial  electron-lucent 
spaces . 

There  seems  to  be  little  correlation  between 
the  light  microscopic  findings  and  th.e  electron- 
microscopic  changes.  It  is  obvious  that  only  a.  small 
specimen  of  lung  could  be  examined  with  electron 
microscopy,  and  this  may  not  be  representative  of 
the  changes  in  the  whole  lung.  It  appears,  however, 
that  the  histological  findings  were  not  helpful 
in  deciding  whether  a  dog  had  pulmonary  changes 
reflecting  shock  lung  or  not.  As  noted  above,  normal 
control  dogs  did  not  exhibit  completely  histologically 
normal  lungs,  and  this  prevented  any  meaningful 
comparison  from  being  made.  The  appearance  of  the 
interstitium  as  seen  under  the  electron  microscope 
may  reflect  the  changes  of  shock  lung  more  reliably. 
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Discussion  of  the  Electron  Microscopic  Results . 

Interstitial  Sodium: 

See  Table  4  on  page  78  for  a  summary  of 
the  results. 

The  interstitial  disarray  commented  on  above 
is  the  end  result  of  a  process  the  mechanism  of  which 
is  still  obscure.  Is  the  interstitial  fluid  accumulation 
the  result  of  increased  vascular  nermeabili ty ,  decreased 
lymphatic  drainage,  increased  affinity  of  the 
intersti tium  for  fluid,  or  a  combination  of  the  above  ? 

Cottrell  (29)  nronosed  that  the  collagen 
fibers  might  act  as  sronges  to  take  ur  any  excess  of 
fluid  appearing  in  the  interstitium  or: or  to  its 
transit  to  lymohatic  vessels.  Interstitial  edema  would 
indicate  saturation  of  the'  collagen  fibers.  Teplitz  (98) 
thinks  that  large  amounts  of  albumin  can  traverse  the 
endothelial  la-mr  during  shock.  Albumin  is  cleared 
more  slowly  than  orotein— f ree  fluid,  and  thus  can  stow 
around  in  the  interstitium  and  exert  an  osmotic  force 
le adding  to  transudation  of  fluid,  boss  (69),  on  the 
other  hand,  thinks  that  there  is  increased  affinity 
of  collagen  for  sodium  in  shock,  and  he  apparently 
demonstrated  this  in  shocked  baboons,  using  pyroantimonai 
to  localize  sodium. 

The  technioue  of  using  pyroantimonate  to 
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localize  sodium  ions  was  first  described  by  Komnick  (53) 
in  1963.  Pyroantimonate  was  found  to  have  great 
affinity  for  sodium,  and  sodium  pyroantimonate  is 
an  insoluble  compound  which  is  electron-dense. 

Bulger  (12)  in  1969  used  pyroantimonate  to  localize 
sodium  ions  in  rat  kidney  tissue.  With  in  vitro 
experiments,  he  found  that  other  cations,  among  which 
potassium,  magnesium  and  calcium,  also  formed 
precipitates  with  pyroantimor? te .  However,  pyroantimonat 
was  ten  times  more  sensitive  for  sodium  as  for  the 
other  cations.  Thus,  extra-cellular  precipitates 
would  mostly  represent  sodium  since  sodium  is  the 
major  extra— cellular  cation.  Intra-cellular  nrccipitates 
must  be  interpreted  with  caution.  Torack  (99)  in  1970 
also  thinks  that  potassium  pyroantimonate  is  a.  valuable 
and  valid  substance  for  localizing  sodium  extracellular 1 
although  a  low  oH  and  addition  of  osmium  tetroxide  as 
a  fixative  seem  to  favor  the  production  of  non-specific 
electron-dense  deposits. 

The  use  of  the  oerfusion  solution  in  these 
experiments,  prepared  as  described  by  loss  (69) ,  for 
the  estimation  of  interstitial  sodium  thus  seems  to 
be  justified. 

Moyer  (74)  in  1965  mentioned  that  collagen 
developed  a  heightened  affinity  for  sodium  and  water 
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following  various  kinds  of  stress.  Oumm  (41)  in  1971 

showed  that  in  oatients  with  acute  pulmonary  failure 

after  trauma  or  surgery,  injection  of  radioactive 
22 

Sodium  into  a  central  vein  yielded  .only  an  8 5 9 
recovery  of  radioactivity  in  a  peripheral  artery,  as 
conrnared  to  95^  in  normal  controls.  Simultaneous 
injection  of  initiated  water  yielded  comole te  recovery 
of  the  radioactivity  in  all  cases. 

Pulton  (35)  olaced  purified  colla,gen  sheets 
obtained  from  dog  tendons  and  aponeuroses  in  the 
subcutaneous  tissue  of  dogs  which  were  subseouently 
subjected  to  hemorrhagic  shock.  He  found  that  there  was 
a  significant  increase  in  the  sodium  content  of  the 
collagen.  As  mentioned  above,  :'oss  (69)  found  a 
marked  increase  in  interstitial  sodium  in  shocked 
baboons,  using  in  situ  perfusion  of  the  lung  with 
a  notassiura  gyro  ant imonat  e  solution. 

Lenin  (57),  using  a  slightly  different 
canine  shock  model  than  tha,t  usually  ”sed  (the  dogs 
were  maintained  at  60  nmHg  for  15  minutes,  then 
at  40  nnHg  for  QO  minutes  instead  of  40  mm.H g  for  t’'ro 
h  o  m  v>  s )  pn  in  vi  t~^“o  metbo^  of  nerfusin/1’  the 

-re^o^d  ?  un •cr  :”i  th  nota^s^  u^  u‘,,"^oaviti"',:or'::te  ,  st e d 

that  there  wa s  no  obvious  increase  in  interstitial 
sodium  p.f ter  shook,  in  smite  of  the  findim  of 
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interstitial  disarray  consistent  with  shod 

Its  this  series  of  experiments,  in  vitro 
perfusion  of  the  lump  was  used,  and  the  clovs  were 
maintained  at  40  mmHg  systolic  pressure  for  two  hours 
Of  the  three  kinds  of  electron— dense  denosi 
described  under  Results,  the  first  two  probably 
represented  sodium  as  they  resembled  the  denosits 
described  by  previous  investigators  (12,  53,  99  ). 

The  crystal-like  materials  may  be  non-specific  denosi 
A  control  experiment  wherein  a  perfusion  solution 
not  containing  potassium  pyroantimonate  would  have 
been  used  was  not  done. 

These  experiments  tended  to  confirm  the 
findings  of  Lewin  (57):  there  was  no  consistent 
increase  in  interstitial  sodium  in  shocked  dogs,  end 
there  certainly  was  not  any  marked  sodium  "smudmne" 
in  the  interstitium  around  collagen  fibers  as 
described  by  boss  (69).  This  means  that  either  there 
was  no  observable  increase  in  affinity  of  collaren 
for  sodium  in  shocked  dogs,  or  that  the  procedure 
used  was  not  adeouate  for  demonstrating  interstitial 
sodium  in  dogs.  Moss  (69)  used  an  in  situ  perfusion 
preparation  with  his  baboons,  and  he  clamped  the 
aorta  a  short  period  after  beginning  the  perfusion. 

It  is  possible  that  the  brief  pumping  action  of  the 
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heart  during  the  initial  perfusion  ueriod  and  the 

increased  resistance  to  outflow  caused  by  cross-clanroing 

of  the  aorta  increased  the  pulmonary  capillary 

pressure  to  such  an  extent  that  both  plasma  and  rerfusio 

Solution  were  forced  into  the  intersti tium.  This  could 

account  for  the  spectacular  "smudging"  seen  in  the 

interstitium.  However,  the  normal  control  baboons  did 

not  exhibit  this  smudging  and  only  showed  discrete 

and  small  sodium  deposits  comparable  to  those  observed 

in  both  Group  A  and  Group  C  dogs  in  these  experiments*' 

It  could  still  be  postulated  that  the  endothelial 

layer  was  in  fact  damaged  in  some  way  by  shock,  and 
\ 

that  the  leakage  of  fluid  was  significantly  potentiated 
by  the  perfusion  procedure.  Naturally,  species 
differences  can  also  be  invoked  to  explain  the  failure 
to  find  consistently  increased  interstitial  sodium 
in  shocked  dogs. 

Another  point  to  be  raised  here  is  the 
osmolality  of  the  perfusion  so.lution,  which  was  not 
measured.  The  possibly  deleterious  effect  of  perfusing 
the  lung  v/ith  a  solution  which  may  not  be  isosmotic 
has  to  be  considered,  even  when  control  experiments 
are  done . 

Returning  to  the  work  done  on  baboons, 
it  is  of  interest  that  Gilbert  (36)  showed  that 
lactic  acidosis  by  itself  did  not  increase  interstitial 
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s odium,  although  i;:oyer  (74)  cited  low  oil  as  one  of 
the  conditions  leading  to  increased  affinity  of 
collagen  for  sodium.  On  the  other  hand,  infusion  of 
aldosterone  (filbert  (35))  into  baboons  did  result  in 
increased  interstitial  sodium.  It  i s  well  e si sol i shed 
that  aldosterone  is  increased  in  shoe1:  (Farrell  (30)). 
TtcCaa  ( 67)  even  showed  that  hemorrhage  areatlv 
enhanced  aldosterone  secretion  in  the  deceriisted 
and  nenhrectomized  dog,  if  the  serum,  notassium  was 
allowed  to  rise  following  the  hemorrhage . 

Serum  potassium  and  aldosterone  'were  not 
measured  in  this  series  of  experiments,  nor  was  it 
done  in  the  shocked  baboons  of  loss  (69). 
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Anal v si s  of  Arterial  flood  Ga,ses. 

See  Table  1  on  00.0*0  75  for  a  si  inn  ary  of 
the  blood  gase s. 

The  thin  segments  of  the  alyeolar-caoillary 
membrane  were  ^reserved  during  shock.  Thus,  it  is 
not  surprising  that  the  arterial  oO ^  '//as  well 
maintained  during  shock,  and  this  is  in  accordance 
with  the  findings  of  Sealy  (82)  and  Chi on  (id). 

In  a  few  dogs,  the  ore-experiment  gases  showed  a 
relatively  low  oO^  and  a.  relatively  elevated  rCO^. 

This  could  either  be  due  to  previous  oulnona.ry 
disease,  which  could  not  be  detected  with  histological 
examination  of  only  part  of  the  lungs,  or  due  to 
over-sedation  with  Nembutal.  At  no  time,  however, 
did  the  arterial  oO^  drop. during  shock.  There  was 

hvoerventilation  with  a  decreased  arterial  pC0o. 

2 

With  regard  to  pH,  the  Croup  C  shocked 
dogs  did  develop  metabolic  acidosis  and  had  interstitial 
disruption.  The  Group  I)  dogs  that  had  received  shock 
plasma  did  not  drop  their  pH,  and  yet  developed 
interstitial  edema.  It  thus  seemed  that  acidosis 
was  not  a  necessary  condition  for  interstitial  edema 
to  occur. 

Darby  (26)  showed  that  in  shocked  dogs, 
increases  in  blood  epinephrine  levels  followed  the 
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development  of  uncompensated  acidosis.  Correction  of 
the  acidosis  with  sodium  bicarbonate  reduced  the 
blood  epinephrine  level  by  at  least  50$.  He  hypothesized 
that  the  adrenal  aland  was  stimulated  by  acidosis  to 
secrete  epinephrine .  Norepinephrine  levels  were  not 
determined,  but  this  study  may  well  have  relevance  to 
the  shoe1.:  lung  syndrome,  in  which  the  catecholamines 
may  be  important  patho genetically .  Kim  (52),  working 
with  dogs,  felt  that  a.cidosis  itself  led  to  prolonged 
increase  in  pulmonary  vascular  resistance,  thus 
predisposing  to  or  itself  causing  shock  lung  in  the 
post-shock  period.  Correction  of  the  acidosis  with 
bicarbonate  led  to  no  lung  pathology  in  eight  shocked 
dogs,  whereas  four  of  the  ten  dogs  which  were  in 
shock  without  infusion  of  bicarbonate  developed 
lung  lesions  grossly.  These  results  certainly  arc 
impressive  and  can  be  significant  if  gmss  and 
histological  findings  can  be  relied  on.  Shubrooks  (86) 
observed  similar  correlation  between  acidosis  and 
increased  pulmonary  vascular  resistance  in  dogs. 

It  is  repeated  here  that  lactic  acidosis  failed  to 
cause  increase  in  interstitial  sodium  in  baboons  (26). 

The  resu.lt s  of  the  experiments  reported 
in  this  paper  suggested  that  acidosis  "'is  not 
necessarv  ^ or  t^e  production  of  lung  lesions  in  dogs. 


Comment  on  H  f?  ^  B  "!>  0  C  "PX  "b 


The  hematocrits  were  not  determined  in  thin 
series  of  experiments,  so  a.  meaningful  evaluation 
of  the  role  of  anemia  a.s  a  predi sposing  factor  in 
shoe1'  lima  is  impossible.  Moss  (72)  and  Daniels  (25) 
from  the  same  laboratory  reported  that  all  six  dogs 
with  hematocrits  of  31  -  5%  that  were  bled  developed 
lima  lesions,  whereas  all  six  dogs  with  hematocrits 
of  42  -  5°4  that  were  similarly  bled  ha.d  no  lesions. 

In  these  experiments,  the  Group  C  dogs 
that  were  bled  seemed  to  have  a  very  high  hematocrit 
toward  the  end  of  the  two-hour  shock  period.  Only 
approximately  15-20$  of  plasma  could  be  separated 
from  the  blood  collected.  This  obviously  was  not  a 
good  measure  of  the  hematocrit,  but  the  amount  of 
plasma  extracted  was  still  unexpectedly  small.  The 
arterial  blood  collected  at  the  beginning  of  the 
shock  period  yielded  only  about  23$  of  plasma. 

It  can  only  be  speculated  at  this  point  that  the 
dogs  used  in  these  experiments  might  have  been 
dehydrated  ,  since  they  were  completely  fasted  for 
the  previous  sixteen  hours.  This  ouestion  can  only  be 
resolved  by  further  experiments  that  would  include 
accurate  measurement  of  hematocrits. 

Kho  (51)  described  a  drop  in  hematocrit 
from  34$  to  29$  in  dogs  subjected,  to  graded  hemorrhage, 
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a  procedure  which  might  have  allowed  time  for  the 
dogs  to  compensate  for  hyrovolemia  by  internal  fluid 
shifts. 

Hematocrits  obviously  do  not  necessarily 
reflect  the  degree  of  shock.  As  pointed  out  by 
Harkins  (44),  the  hematocrit  value  depends  on  the 
type  of  fluid  lost  (whether  it  be  whole  blood,  plasma, 
or  a  mixed  type)  and  the  coma ensatorTr  adjustments 
of  different  fluid  compartments  in  the  body.  The 
situation  in  the  dog  is  further  coronlicated  by  the 
presence  of  a  large  and  contractile  spleen  which  can 
release  cell— rich  blood  following  hemorrhage  (Chien 
and  Gregersen  (16),  p.23).  This  would  tend  to 
increase  the  hematocrit  and  the  blood  viscosity  in 
response  to  hemorrhage.  Indeed,  Chien  (15)  found  that 
in  dogs  with  intact  spleens  subjected  to  hemorrhage, 
the  minimum  hematocrit  following  re-transfusion  was 
40 io  with  an  average  of  47)5 ,  which  presumably  was 
higher  than  the  pre— hemorrhage  level.  The  lower  values 
reported  by  Kho  (51)  could  reflect  adjustments  of 
body  fluids  following  the  slower  and  graded  hemorrhage 
that  he  used.  Chien  (15)  also  commented  that  hish. 
blood  viscosity  tended  to  increase  the  mortality  of 
shocked  dogs.  In  f act ,  Crowell  (23)  observed  that 
the  optimum  hematocrit  for  surviving  shock  in  doss 
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varied  from  30  to  35  per  cent,  the  corresponding 
optimal  viscosity  permitting  an  easier  delivery  of 
oxygen  to  the  tissues. 
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STH'ITARY  ♦ 

This  study  tried  to  demonstrate  the  rrosence 
of  circulating  factors  in  the  plasma  of  shocked  dogs 
which  would  he  can able  of  causing  lung  lesions  wh er 
infused  into  normo tensive  dogs. 

It  was  found  that  li mht  micro scony  was  of 
limited  value  in  demons t rating  shoe1-  n  ivng  under  the 
circumstances  of  these  experiments ,  Fixing  the  lung 
in  an  inflated  state  m aTr  he  more  helpful. 

There  wa s  no  consistent  and  striking  increase 
in  interstitial  sodium  in  the  shocked,  dogs  that  could 
he  demonstrated  with  this  method  of  perfusing  the 
lung  with  a  potassium  pyroantimonate  solution. 

Only  two  supposedly  normal  control  dogs  were  examined, 
and  this  may  not  he  adecuate  for  a  conclusion  to 
be  reached  with  regard  to  the  amount  of  interstitial, 
sodium  expected  in  normal  lungs . 

Interstitial  edema  and  disruption  of  the 
collagen  bundles  were  consistently  found  in  shocked 
dogs  and  in  dogs  that  had  received  shock  plasma  when 
the  lung  tissue  was  examined  under  the  electron 
microscope.  The  normal  controls  and  dogs  infused 
with  normal  plasma  showed  only  minimal  changes  under 
the  EM. 

Thus,  there  seems  to  be  circulating  fa.ctors 
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during  hemorrhagic  shock  which  mo y  ho  important  in 
the  pathogenesis  of  shock  lung  in  dogs.  A  neural 
influence  was  not  ruled  out  by  these  experiments, 
and  further  study  will  have  to  bo  done  on  denervated 
lungs  using  the  same  approach  of  infusing  shock  plasma, 
as  was  used  here  in  order  to  evaluate  the  role  of 
neurogenic  factors  in  the  o  a,t  ho  "-one  si  s  of  shock  lung. 

The  relevance  of  the  results  obtained  in- 
dogs  to  the  clinical  picture  of  shock  lung  a.s  seen  in 
humans  is  open  to  ouestion.  Certainly,  the  syndromes 
in  humans  and  in  animals  are  suite  dissimilar  in 
two  important  aspects.  First,  shock  lung  usually 
develops  in  humans  only  after  a  certain  las  period 
of  a  few  days  following  the  acute  injury,  whereas 
the  lung  lesions  can  be  demonstrated  in  dogs  early 
in  the  shock  period.  Secondly,  the  syndrome  is 
characterized  by  profound  disturbances  in  pulmonary 
function  in  man.  A  host  of  factors  are  at  play  in  the 
patient  which  may  contribute  to  the  pulmonary 
insufficiency,  among  which  loom  infection,  aspiration, 
fluid  overload  and  complications  of  oxygen  therapy. 
Attention  to  the  latter  may  help  to  decrease  the 
incidence  of  so-called  shock  lung. 


*  -X-  *-  *  * 
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APPENDIX . 


1.  Data  of  individual  experiments. 

2.  Tables  summarising  results. 

3.  Selected  photomicrographs . 

4.  Selected  electron  micrographs. 
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Dxneriment  8 1.  G-roup  C  . 

Dog  ,r71.  Sex:  Female.  Weight:  17  kg. 

Position  during  experiment:  Supine. 
Total  Nembutal  used:  76  mg/kg  BW 


Pre-Shock  Data: 

BP:  180/150 
CVP:  2  mmHg 
RR:  not  recorded 

Shock: 


pH:  not  measured 
p0^:  not  measured 
pCO ^ :  not  measured 


Volume  of  blood  withdrawn  to  induce  shock:  700  ml 
over  15  minutes  (41  ml/kg  BW)  . 

Shock  period:  3  hours. 

Post-Shock  Data: 


BP: 

55/35 

pH:  not  measured 

G  VP: 

—  "1  ro  -no  TJ[ 

*  ~  o 

pO^:  not  measured 

RR: 

not  recorded 

rCOp:  not  measured 

Volume  of  venous  blood  v/ithdrav/n.  after  shock 
period:  d00  ml.  Venous  shock  plasma  obtained:  80  ml, 
to  be  infused  into  Dog  7?  ( 7  x;o .  #2)  the  following  da 
Perfusion  of  Middle  Lobe:  good,  but  delayed  for  5  min. 
Results : 

Light  micro scony:  3+ 

.Electron  microscopy: 

Interstitial  sodium:  7+ 

Interstitial  di. srvro t ion:  3+ . 


61 


Experiment  #2.  Group  D. 

Dog  #79.  Sex:  Male.  Weight:  18.?  kg. 

Position  during  experiment:  Supine. 
Total  Nembutal  used:  24.7  mg/kg. 
Pre-Infusion  Data:- 


BP: 

150/125 

pH:  not  measured 

CVP 

:  8  mm  Hg 

pOp:  not  measured 

RR: 

not  recorded 

nC0o:  not  measured 

Infusion: 

80  ml  (  4.4  ml/kg  body  weight  )  of  venous 
shock  plasma  over  15  minutes  (@  320  ml/  hour) . 

Post-Inf  usion: 

The  blood  pressure  dropped  slightly  to  140/120 
for  about  5  minutes,  and  the  respiration  was 
ataxic,  with  an  increased  rate.  The  CVP  was 
maintained. 

Arterial  pH,  pOp,  pCOp  were  not  obtained. 

At  1  hour:  BP:  130/120 
CVP :  8  mmHg 
RR:  not  recorded. 

Perfusion  of  kiddle  Lobe:  good. 

Results: 

Light  microscopy:  :?  + 
electron  microscopy: 

NaH":  14- 


Interstitial  disruption:  24- 
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Experiment  #3.  Group  C. 

Dog  #3-13061  Sex: Male .  Weight: 29.1  kg. 


Position  during  experiment:  on  left  side. 
Total  Nembutal  used:  26.2  mg/kg. 

Pre-Shock  Data: 


Shock: 


BP:  145/100 
CVP:  6mm  Hg 
RR:  not  recorded 


pH:  7.36 
pO^:  96  mm  Hg 
pC09:  29  mm  Hg 


Volume  of  blood  withdrawn  to  induce  shock:  1100  ml 


over  15  minutes  (38  ml/kg  body  weight). 

Shock  period:  2  hours  50  minutes. 

Post-Shock  Data: 

Total  volume  in:  200  ml  Normal  Saline. 

Total  volume  out:  1700  ml  blood. 

BP:  45/25  nH:  7.10 

CVP:  6  mm  Hg  pO^:  100  mm  Hg 

RR:  32/min  p009:  28  nmHg 

Volume  of  blood  withdrawn  end  used  for  infusion 
into  Dor  #3-1 1060  (Rxp.  #4)  the  following  day:  100  ml. 
Perfusion  of  Piddle  Lobe:  good. 

ResuP  ts: 


Light  microscopy:  3+ 

Blectron  microscopy: 

Na+ :  24. 

t ut  e  r s  t i t i al  di s run  t i on : 


Experiment  #4.  Group  D.  This  dog  received  whole  venous 

"shock"  blood  insteal  of  Plasma, 
hog#  5-13069.  Sex:  female.  Y/eight:  13.6  kg. 

Position  during  experiment:  on  left  side. 
Total  Nembutal  used:  42.2  mg/ kg. 
Pre-Infusion  Data: 


BP: 

145/110 

pH:  7.35 

CVP 

:  3  mmHg 

CY 

CY 

i — 1 

•  • 

CM 

O 

Pi 

mmHg 

RR: 

g 

•H 

s 

CM 

ro 

^C^2:  24 

mmHg 

Infusion: 

100  ml  of  whole  venous  "shock"  blood  (7.35  ml/kg' 
plus  150  ml  ACD  over  45  minutes.  (@330  ml/hour). 

This  blood  was  collected  into  two  ACD-containing 
bags  and  was  not  separated  into  plasma  before 
infusion  because  the  plasma  thus  obtained  was  too 
little  in  quantity.  The  dog  showed  f asciculation 
of  the  tongue  and  the  limb  muscles  and  might  have 
had  hypocalcemia  secondary  to  citrate  infusion. 

Post-Infusion: 

There  was  immediate  marked  hyperventilation. 


At  15  minutes:  BP: 

135/105 

pH:  7.24 

CVP 

:  2  mmHg 

nOp:  118 

mmHg 

RR: 

30/min 

pCOp :  31 

mmHg 

At  1  hour  :  BP  and  CVP  unchanged. 
Perfusion  of  Middle  lobe:  fair,  slightly  delayed. 


Results 


Light  microscopy:  2+ 
Electron  microscopy:  Na+.2+ 


Intersti  tia.l 
disruption 


3 
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Experiment  #5.  Group  B. 

Dog  #S-13070.  Sex:  Female.  Weight:  12.2  kg. 

Position  during  experiment:  on  left  side. 
Total  Nembutal  used:  53  mg/kg. 
Pre-Infusion  Data.: 


BP:  135/105 

pH:  7.35 

CVP:  1-2  mmHg 

pO^:  71  mmHg 

RR:  20/min 

pC0o:  39  mmHg 

Infusion: 

80  ml  of  "normal  plasma"  (  6.55  ml/kg  )  over 
9  minutes  (@  530  ml/hour) . 

Post-Infusion: 

At  0  min:  no  change  in  BF  or  CVP,  or  RR. 

At  6  min:  pH:  7.37 

pO^i  .  80  mmHg 
pCO,-,:  33  mmHg 

At  1  hour  11  min:  BP:  135/100 

CVP:  1  mmHg. 

Perfusion  of  kiddle  Lobe:  good. 

Results: 

Light  microscopy:  2+ 

Electron  microscopy: 

Na+ :  2+ 


Interstitial  disruption:  1+ 
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Experiment  76.  Group  C. 

Dog  /S-13065.  Sex:  Female.  Weight:  17.7  kg. 

Position  during  experiment:  on  left  side. 
Total  Nembutal  used:  34  mg/kg. 


Pre-Shock  Data: 


BP:  130/105 

pH:  7.35 

CVP:  1-2  mmHg 

p09:  86  mmHg 

RR:  16/min 

pCO^:  37  mmH; 

Shock: 

Volume  of  blood  withdrawn  to  induce  shock:  850  ml 
over  5  minutes  (  48ml/kg  body  weight  ) . 

Shock  period:  1  hour  30  minutes. 

The  dog  died  before  "shock  blood"  could  be  obtained 


Post-Shock  Data: 


BP:  42/35  mmHg 
CVP:  -3  to  -2  mmHg 


pH,  p0^,  and  pCOp 
could  not  be  obtained 


HR:  32/min 


Perfusion  of  kiddle  Lobe:  good,  but  delayed. 


Results: 


Light  microscopy:  3+ 

Electron  microscopy: 

Na+ :  2+ 

Interstitial  disruption:  2+ . 
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Experiment  #7.  Group  B . 

Do g  #3-13082.  Sex:  Female,  '‘.’/eight:  17.7  kg. 


Position 

during  experiment: 

on  left  side. 

Pre-Infusion: 

Total  Nembutal  used:  36. .7  m; 

g/kg. 

BP: 

110/85 

pH:  7.28 

CVP 

:  8  mmHg 

pOp:  85  mmHg 

RR: 

28/min 

pGOp:  32  mmHg 

Infusion: 

120  ml  of  "normal  plasma"  (  6.7  ml/kg  BW  )  over 
9  minutes  (  @  800  ml/hour  ). 

Post-Infusion: 

At  0  min  :  BP:  100/80 


At  10  min  : 

BP:  100/80 

pH:  7.30 

CVP :  8  mmHg 

pOp:  84  mmHg 

RR:  28/min 

oCOp:  32  mmH 

At  1  hour: 

BP:  110/85 

CVP:  8  mmHg 

RR:  16/min 

Perfusion  of  Middle  Lobe:  vood,  without  any  delay. 
Results: 

Light  microscopy:  3+ 

Electron  microscopy: 

Na+:  1+ 


Interstitial  disruption:  l4-. 
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Experiment  78.  Group  C . 

Dog  7S— 12064.  Sex:  Hale.  Weight:  10.6  "'ng. 

Position  inline  eynerimort :  i  opt  side. 

Total  Nembutal  uso^i  10. V 


Pre-Shock  Date: 

— »■  *  _ .  _ 

P"0 : 

110/90  mmHg 

pH:  7.32 

CV^ 

:  2  mm.Hy 

n09:  n 5  mmHg 

RR: 

20/m in 

n  C  0  p :  42  mmH g 

Shock: 

Volume  of  blood  withdrawn 

to  induce  shock:  1°00 

over  15  minute 

s  (  ^ 2  ml/k g 

BW  )  . 

Shock  period: 

2  hours. 

post-Shock  Data: 

BP:  AO/^0 

-oH:  7.25 

CVP:  0  mmHg 

nO^:  79  mmHg 

RR:  32/min 

pCOp:  21  mmHg 

Total,  volume  in:  100  ml  Normal  Saline. 

Total  volume  out:  0400  ml  of  1)1001. 

450  ml  of  arterial  "shock  “blood"  and  060  ml  of 


venous  "shock  blood"  were  obtained  for  use  in  Exp. 79- 
Perfusion  of  Middle  Lobe:  delayed,  done  through,  pulmonary 
vein  because  of  technical  difficulty.  Samples  for 
electron  microscopy  were  obtained  from  visibly 
fixed  areas  of  the  lobe. 

Results: 

Light  microscopy:  14- 
Electron  microscopy: 

Na+:  14- 


Interstitial  disruption:  '+ 


Experiment  /9 


G rerun  D 


Dog  //S-13031.  Sex:  Male.  , /eight:  18.2  leg. 

Position  during  experiment:  on  left  side. 
Total  Nembutal  used:  46.8  mg/kg. 
Pr.e-Infusion  Data.: 


BP:  135/110 
CVP:  0  mmHg 
RR :  8/  mi  n 

The  dog  thus  was  in  re 


pH:  7.29 
pO^:  57  mmHg 
nCOp:  55  mmHg 
oiratory  acidosis.  This 


probably  was  due  to  an  overdose  of  Nembutal. 


Tnf  usion: 


70  ml  of  "arterial  chock  plasma"  (3.85  ml/kg) 
were  infused  over  7  min  (  ©  600  ml/hour  ) ,  then 
30  ml  of  "venous  shock  plasma"  mere  infused  over 
4  minutes  (©  450  ml /hour) .  There  was  no  change  in 
vital  signs  after  the  infusion  of  "arterial  shock 
plasma",  but  there  was  a  slight  increase  in  the 
respiratory  rate  after  the  infusion  of  "venous 
shock  plasma". 

Post-Infusion  Data: 

At  5  min  :  BP:  130/105  uH:  7.33 

CVP:  -1  mmHg  nO^:  75  mmHg 
RR :  16/min  pCO^:  47  mmHg 

This  probably  reflected  the  lessening  of  anesthc 
Perfusion  of  the  Middle  Lobe:  very  good. 


Results: 


Light  microscopy:  2+ 


Ipterstitial 
di sruption 


Electron  microsco  y: 


Nat  ?■+ 


Experiment  #10.  Group  A. 


Dog  #3-13066.  Sex:  Male.  Weight:  19.1  kg. 

Position  during  experiment:  on  left  si 
Total  Nembutal  used:  39*3  mg/kg. 

Baseline  Data: 

BP:  140/110  pH:  7.25 

CVP:  2  mmHg  pO^:  64  mmHg 

RR:  8/min  pCO^:  53  mmHg 

The  dog  was  in  respiratory  acidosis  caused  by 
an  overdose  of  Nembutal.  After  one  hour,  the 
right  lung  was  taken  o.ut. 

Perfusion  of  Middle  Lobe:  very  good,  a  bit  delayed. 
Results: 

Light  microscopy:  14- 
Electron  microscopy: 

Na+:  24- 

Interstitial  disruption:  1-f. 
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xoeriment  #11.  Group  C. 


Dog  #s-13060.  Sex:  Male.  7 eight:  30  kg. 


Position  during  experiment:  supine. 


Total  Nembutal  used:  28.2  mg/kg. 


Pre-Shock  Data: 


BP:  185/140 


pH:  7.36 


CVP :  5  mmHg 
HR:  20,/min 


pO^:  82  mmHg 
pCO^i  40  mmHg 


Shock: 

Volume  of  blood  withdrawn  to  induce  shock:  1320  ml 
over  26  minutes  ( 44ml/kg  body  weight). 

Shock  period:  2  hours  20  minutes. 

Post-Shock  Data: 


BP:  50/40  pH:  7.27 


CVP:  0-1  mmHg  pO^,:  92  mmHg 
RR:  32/min  pCO^:  23  mmHg 


Total  volume  in:  400  ml  Normal  Saline. 

Total  volume  out:  1900  ml  of  blood. 

300  ml  of  arterial  shock  blood  and  200  ml  of 
venous  shock  blood  were  obtained  for  use  in 
Experiment  #12. 

Perfusion  of  Middle  Lobe:  very  good. 

Results: 

Light  microscopy:  3+ 


Interstitial  disruption:  3+« 
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Experiment  712.  Group  D . 

Dog  #s-13054.  Sex:  Female.  Weight:  10  kg. 

Position  during  experiment:  supine. 
Total  Nembutal  used:  35  mg/kg. 


Pre-Infusion  Data: 


BP: 

165/140 

pH :  7.31 

CVP 

:  4~ 5  rrwHm 

pOp:  79  mnHg 

RR: 

20/min 

pC0o :  50  mmH; 

75  ml  of  "arterial  shook  -el  asm  a."  v  ore  infused 
over  6  minutes  (f'750  ml/hr)  .  There  were  no  changes 
in  BP  or  CVP,  but  the  respiratory  rate  increased 
to  28  per  minute.  Then  75  ml  of  "venous  shock 
plasma"  were  infused  over  6  minutes  (VNRO  ml/hour)  . 
A  total  of  15  ml/  kg  BY/  was  thus  infused. 

Post-Infusion  Data: 


BP:  370/135 

nH:  7.30 

CVP:  2  mmHg 

p0?:  97 

RR:  28/min 

pCO^:  41 

At  1  hour:  BP:  160/130.  No  change  in  CVP  or  RR . 
Perfusion  of  Fiddle  Lobe:  good,  but  delayed  for  10  min. 
Results: 


Light  microsco  py:  34- 
Electron  microscopy: 

N  a+ :  2+ 


Interstitial  disruption:  3-L 
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Experiment  #13.  Group  C . 

Gog  #s-13083.  Sex:  Male.  Y'/eight:  19.5  kg. 


Position  during  experiment:  sunine 


Total  Nembutal  used:  33. .2  mg/kg 


Pre-Shock  Data: 


BP:  185/150 


pH:  7.36 


CVP :  4  mmHg 
PR:  20/min 


pO^:  83  mmHg 


pCO^:  37  mmHg 


Shock: 


Volume  of  blood  withdrawn  to  induce  shock:  1400  ml 
over  10  minutes  (71.5  ml/kg  body  weight). 

Shock  period:  1  hour  15  min. 

The  dog  sustained  cardio-respiratory  arrest  at 
1  hour  15  min.  He  was  then  put  on  a  respirator  and 
an  open  cardiac  ms. s sage  was  performed  for  about 
10  minutes,  during  which  time  200  ml  of  normal  saline 
were  infused  and  250  ml  of  "venous  shock  blood"  were 
collected  for  use  in  Experiment  #14.  The  vital  signs 
at  1  hour  were:  BP:  45/30 


CVP:  0-1  mmHg 


RR:  32/min 


Perfusion  of  Middle  Lobe:  good,  with  a  15  minutes 1  delay . 
Results: 


Light  microscopy:  2+ 

4. 

Electron  microscopy:  Na  :  1+ 


Interstitial  disruption : 94 
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Experiment  714.  Grouu  D  . 

Dog  #S-13085.  Sex:  Male.  Weight:  12.3  Eg. 

Position  during  experiment:  supine 
Total  Nembutal  used:  34.5  mg/kg. 


Data: 

BP:  150/135 

pH:  7.34 

CVP:  4-5  mmHg 

pOp:  72  mmHg 

RR:  3 2/mi n 

pCOp:  37  mmHg 

Infusion: 

120  ml  of  "venous  shock  plasma"  were  infused 
over  18  minutes  (9.75  ml/kg  @  400  ml/hour). 
Post-Infusion  Data: 

At  0  min  :  BP:  155/125,  CVP :  4  mmHg,  HR:  3 2/mi n 
At  5  min  :  BP:  140/110,  CVP:  2  mmHg,  RB :  48/min. 

pH:  7.34  ?0p:  79  mmHg  pCOp  :32mm?7 

Thus,  there  were  a  decrease  in  blood  pressure 
and  an  increase  in  respiratory  rate  following  infusic 
At  1  hour:  BP:  140/110.  CVP:  5  mmHg.  RR:  40/min. 
Perfusion  of  Middle  Lobe:  very  good. 

Results: 

Light  microscopy : 3+ 

Electron  microscopy: 


Na+ : 1+ 

Interstitial  disruption:  2+ 
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Experiment  $15.  Group  A . 

Dog  #3-13103.  Sex:  Female.  Weight:  16.8  kg. 

Position  during  experiment:  supine. 
Total  Nembutal  used:  38 .5  mg/kg. 

Baseline  Data: 


BP:  145/105 

pH:  7.30 

CVP :  2-3  mmHg 

pO^:  86  mmHg 

RR:  24/min 

pCOp:  37  mmHg 

The  dog  was  at  baseline  for  an  hour,  then  the 
right  lung  was  taken  out. 

Perfusion  of  Middle  Lobe:  very  good,  although  some 

pressure  had  to  be  applied  to  the  intra-arterir- 
perfusion  because  it  was  repeatedly  clogged. 

Results: 

Light  microscopy:  2+. 

Electron  microscopy: 

Na+:  1+ 

Interstitial  disruption:  1+ . 


Table  1:  Pescrio tion  of  Groms  of  P  o  ~n 


n  -p  r!  g  |ji  rn  n  j'm\f 


of  Arterial  Blood  ^R^e?  Be  t^r^inatfc-os 


G  30  P?  A 

GROUP  B 

0R0TrP  C 

GROT,  ip  D 

Formal  Control 

Recipients. of 

* 

Fresh  Plasma 

Shocked  Poes 

oecioients  of 

** 

Shock  P 1 a sma 

pH/nOp/' r  COp 

pH/p0?/pC02 

pH/p0o/ pCOp 

pH/nO 2/pC0 

#10:  | 

#1:  ore-shock 

#2:  ore-infusion 

7.25/64/53 

not  measured 

not  e  a. sure  d 

post-shoe]': 

Ti  0  s  t  -  i  nf  u  s  i  0  r 

no  t  me  a  sure  d 

to  O  r  P  P  p/  ^  T*0  cl 

#15: 

7  5 :  n r e— i nf u si on 

#  3 :  ore- sho ck 

1  ! 

7  4 ;  p  n e - i nf u  s i or 

7.30/86/37 

7.35/71/39 

7.36/96/29 

7 . 35/122/24 

p  o  s t -inf usi on 

post- shock 

post-inf usi or 

7. 37/80/33 

7 . 10/100/ 28 

7 . 2/1  /118/31 

#7:  pre-infusion 

f  -x- 

#6:  ore -shock 

7 . 28/85/32 

7.35/86/37 

post-infusion 

post- shock 

7.30/84/32 

— 

* 

:  fresh  plasma 

wa s  obtained  from 

n  n  ,  , 

■r 0 :  pre-shock 

7.32/75/43 

#9 :  ore -infusion 
7. PO/R7/65 

arterial  blood 

dogs  to  induce 

bled  from  Group  C 

shock  in  the  lat- 

post- shock 

7.25/79/21 

p 0  s  t- inf usi on 

7. 33/75/47 

ter. 

-X-  -X- 

:  Shock  plasma  was  obtained 

#  1 1 :  p r  e -  she  ck 
7.36/82/40 

#1 2 :  ore-inf' usi  on 

7.31/79/50 

from  blood  ble 

dogs  after  the 

d  from  Group  C 

shock  period. 

no  st-sho ck 

7.27/92/23 

P  0  s  t — i nf u  si on 
7 . 30/97/41 

t  i 

:  Dog  #4  received  whole  shock 

f 1 3 : pre-sho ck 

#1 4 : ore -inf u  si on 

blood  and  not 

plasma.  j 

7.36/83/37 

7. 24/72/37 

«  *  ..r 
:  Doe  fo  was 

in  shock  for  only 

post- shock 

no st-inf usion 

1  1/ 2  hour  an d 

died  before 

n  W  +  a  -i 

- — : — s - - - Jl 

7 . 34/79/39 

Doe;  #13  died  after  1  l/4  hour  of  shook  and  shock  blood  rn • 
obtained  while  ooen  cardiac  r.assa^e  was  performed. 


76 


Table  2:  Summary  of  Li ght  Microscopy  Results. 


GROUP  A 

GROUP  B 

GROUP  0 

GROUP  D 

Normal 

.control 

Recipient 

of  normal 

slasma 

Shocked 

dogs 

Recipient 

of  shock 

plasma. 

#10:  1+ 

#1:  3+ 

#2:  3+ 

#15:  2+ 

#5:  2+ 

#3:  3+ 

„  * 

#k  :  2+ 

#7:  3+ 

-V-  -V- 

•76  :  3+ 

#8:  3+ 

#9:  2+ 

#11:  3+ 

#12:  3+ 

#13“:  2+ 

#14:  3+ 

:  Dog  7 4  received  whole  shock  blood  instead  of 
shock  plasma. 

:  Dorn  #6  was  maintained  at  40  mmHg  systolic  pressure 
for  only  1  l/2  hour  and  died  before  shock  blood 
could  be  obtained. 

:  Dog  #13  died  after  1  l/4  hour  of  shock  and  had  to 
undergo  open  cardiac  massage  and  receive  controlled 
ventilation  while  shock  blood  was  obtained  for  use 
in  Experiment  #14. 
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Table  3:  Summary  of  Electron  Microscopy  Results. 

Interstitial  Disruption. 


GROUP  A 

GROUP  B 

GROUP  C 

GROUP  D 

Normal 

control 

Recipient 

o^  normal 

plasma 

Shocked 

doys 

Recipient 

of  shock 

plasma 

•7i0:  1+ 

Pi :  3+ 

#?:  3+ 

#15:  1+ 

75:  1+ 

73:  3+ 

7/1  V  :  ?  + 

77:  1  + 

-** 

76  -  :  ?+ 

78 :  l-1- 

do. 

71 1  :  3+ 

7l.P:  3+ 

#1 3“ :  a+ 

714:  7+ 

*  -x-  -x- 

For  the  explanations  of  ,  ,  ,  see  the  footnotes 

on  pa. re  76. 


Table  4:  Summary  of 


Tectron  "'icroscopy  Results. 
Inte^sti  Ins'1  Sodium. 


(TROUP  A 

GROUP  B 

GROUP  0 

GROUP  D 

N o  rmal 

control 

Recipient 

of  normal 

nlasma 

Shocked 

do  as 

Recipient 

of  shock 

plasma 

#10:  2+ 

#1:  2+ 

#2:  1  + 

#15:  1+ 

#5:  2+ 

#3:  2+ 

#4* :  2+ 

#7:  1+ 

,  ** 

#6  :  2+ 

#8:  2+ 

#9:  2+ 

#11:  2+ 

#12:  2+ 

..  ^ 

#13  :  1+ 

#14:  1+ 

*  *  * 

For  the  explanations  of  ,  and  ,  sef1  the  footnotes 
on  page  76. 

None  of  the  lungs  was  graded  as  having  3+  sodium 
deposition  in  the  intersti tium. 


L I GHT  PHOT OM I OH 0 OR  APRS 
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Figure  1:  Lung  section  from  a  normal  dog  ( Experiment  ^10) 
demonstrating  thin  and  norms]  alveolar  septae  (1+  changes 
There  is  slight  alveolar  collapse  due  to  the  fixing 
orocedure . 
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Figure  2: Lung  section  from  the  same  dog  (experiment  #10) 
showing  patchy  alveolar  cental  thickening  and  polymorpho¬ 
nuclear  cell  inf iltra/fcion  (1+  to  2+  changes) .  The 
alveoli  are  well  distended  in  this  field. 
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Figure  3i  Moderate  (2+)  changes  in  the  lima  of  a  "normal1 
dog  (Experiment  #15),  showing  septal  thickening,  inflam¬ 
matory  cell  infiltration,  without  hemorrha.se  or  exudate. 


F inure  Similar  2+  changes  are  found  in  this  lung 

section  from  a  clog  that  had  received  normal  plasma 
(Experiment  #5). 
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Figure 8:  Lung  section  from  a  dog  infused  with  shock 
plasma,  again  demonstrating  2+  changes.  There  is  minor 
hemorrhage,  but  the  findings  are  essentially  identical 
to  those  in  Figures  3  and  4.  (Experiment  #4). 


Figure  6;  Severe  disruption  (3+  changes)  of  the  lung  in 
a  shocked  dog  (Experiment  #3).  Interstitial  thickening 
is  less  obvious  here,  but  there  is  extensive  congestion, 
hemorrhage  and  patchy  atelectasis. 
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Figure  7:  Lung  section  from  another  shocked  dog  showing 
intra-alveolar  hemorrhage  and  congestion,  in  addition  to 
atelectasis,  septal  thickening  and  inflammatory  cell 
infiltration.  (Experiment  #1 ,  3+  changes) . 


Figure  8:  Another  view  of  the  lung  of  the  same  shocked 
dog,  demonstrating  atelectasis,  seats!  thickening  and 
extensive  polymorphonuclear  leukocyte  infiltration.  No 
intra-alveolar  hemorrhage  is  seen.  ( Experiment  ml). 


ELECTRON  TTI CRQ GRAPH 3  . 
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Figure  9'  An  example  of  1+  interstitial  disruption. 

This  is  a  low-magnif  ica.tion  view  of  the  thick  segment 
of  a  normal  dog's  alveolo-capillary  membrane.  There  is 
no  disruption  of  the  intersti tium  and  no  clear  spaces 
are  seen.  A  capillary  space  can  be  seen  to . the  right, 
with  cart  of  an  erythrocyte  and  granule s-containing 
cytoplasm  representing  either  a  platelet  or  a  leukocyte. 
Pinocytic  vesicles  are  present  in  the  endothelial  cell 
cytoplasm.  Some  large,  round  election-dense  deposits 
probably  representing  sodium  pyroantimona.te  complexes 
can  be  seen  in  the  alveolar  spaces  near  the  epithelium. 
(Experiment  #10.  Magnification:  X10 , 800 . ) 
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Figure  10:  A  low-magnification  view  of  a  section  where 
interstitium  is  more  abundant  in  a  normal  dog.  The 
collagen  bundles  are  well  seen,  parallel  and  not 
disrupted.  No  extensive  clear  snaces  can  be  observed 
in  the  intersti tium( 1+  interstitial  disruption) . 

Small  electron-dense  deposits  are  scattered  over  the 
lung  tissue,  more  so  over  the  collagen  bundles.  They 
orobably  represent  sodium.  Soe  Figure  11  for  a  higher 
magnification  of  the  area  (1+  to  2+  interstitial,  sodium) 
A  type  'll  pneumocyte  with  intra.cytopla.smic 
granules  and  prominent  microvilli  is  seen  in  the  uoper 
right  corner . (Experiment  #15.  Magnification:  X7,°20.) 
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Figure  11:  A  hi gh  magnification  view  of  re.mlarl.y 
arranged  collagen  bundles  in  the  interstitium  of 
a  normal  dog.  Small  electron-dense  materials  probably 
representing  sodium  can  clearly  be  seen  lying  over 
the  collagen  fibers.  (1+  to  2+  interstitial  sodium) 
(Experiment  #15.  Magnification:  X24,000). 
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Figure  12:  A  type  II  pneumocyte  of  a  normal  dog.  The 
granules,  most  of  which  are  empty,  as  well  as  the 
epithelial  microvilli  and  the  intra-alveolar  large 
der)Osits  of  sodium  ryroantimonate ,  are  seen  to  best 
advantage  .  (Exneriment  fr  1 5  .  ils.gnif  i cation :  XI 9 . 680 )  . 
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Figure  13:  A  low-magnification  view  of  a  thick  segment 
of  the  alveolo-capillary  membrane  in  a  Group  B  dog 
(recipient  of  normal  plasma).  There  is  minimal 
disruption  of  the  interstitium  (1+  changes),  and  the 
interstitial  sodium  is  not  noticeably  increased  (1+ 
interstitial  sodium).  Both  l^r^e  deposits  (in  the 
alveolar  soloes)  and  smaller  sodium  pyroantimonate 
comnlexe s  (in  the  interstitium  ma.irlv)  can  be  seen. 

A  ty^e  I  nneumocyte  adi acent  to  an  endothelial  cell 
lies  in  the  lower  right  corner. 

(hxoe'H  ment  //7.  Itagnif  ication:  X7 . , 
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Figure  14:  A  higher  magnification  of  Figure  l3,  shov;in 
large  and  small  electron-dense  sodium  pyroantimonate 
deposits  more  clearly.  The  collagen  bundles  arc 
paral.lel  and  close  to  one  another. 

Endothelial  vesicles  can  be  seen  in  the 
upper  left  corner. 

(Experiment  #7.  ITagnif i cation:  X19-680). 
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Figure  19:  A  high-magnif ication  view  of  the  secularly 
arranged  collanen  fibers  and  minimal  interstitial  sodium 
deposition  in  a  Group  B  dop  There  are  some  debris  in  the 
alveolar  space.  The  intracytorla snic  electron— dense 
granules  probably  do  not  represent  sodium  and  are  not 
significant.  (Experiment  ill.  T-Ta unification :  X?d,000). 
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figure  16:  A  low  magnification  view  of  a  thick  segment 
of  the  alveolo-cs.pillary  membrane  in  a  Group  C  shocked 
dog,  demonstrating  3+  interstitial  disruption  and 
2+  sodium  deposition.  Thickening  of  the  membrane 
with  interstitial  clear  spaces  is  seen. 

Crvstal-like  materials  of  undetermined 
nature  are  found  in  the  clear  spaces.  Small  sodium 
pyroa.ntimona.te  deposits  are  observed  mostly  over 
the  collagen  bundles 

(experiment  #6.  damnification:  X7, 920) . 


91 


Figure  17:  A  high  magnification  view  of  the  intersti  tium 
of  a  Group  G  shocked  do  a,  showing*  disruption  of  the 
collagen  fibers  and  surrounding  clear  spaces  containing 
edema  fluid  (3+  interstitial  disruption) .  Sodium 
deposits  are  s car so  in  the  interstitium  (l+). 

(Experiment  //ll.  Magnification:  X24, 000)  . 
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h i -pure  1 8 :  A  low  magnification  view  in  a  shocked  dog, 
showing  peri-capillary,  edema-fluid-containing  spaces 
associated  with  disruption  of  the  collagen  (3+  disruption 
There  is  a  generalized  increase  in  the  number  of  small 
electron-dense  deposits  ( 2-1-  interstitial  sodium). 

A  type  II  pneumocyte  is  seen  in  the  lower  left  corner. 

The  granules  here  are  not  empty,  but  there  is  apparent 
blunting  of  the  epithelial  microvilli. 

(Experiment  ft  1.  magnification:  X7,920). 
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Figure  1 9-  A  higher  magnification  of  Figure  18,  sho’ming 
peri -vascular  edema,  disruption  of  collagen,  and 
generalized  increase  in  small  deposits  in  more  detail, 
(ixperiment  #1.  T'lagnifi cation:  X16,320). 
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Figure  20:  A  high  magnification  view  of  the  interstitium 
in  a  shocked  dog.  There  are  edema-f luid-containing 
spaces  although  the  collamen  hurdles  are  not  disrupted. 
There  seems  to  be  an  increa.se  in  the  number  of  small 
electron-dense  denosits,  narticularlv  over  the  collagen 
fibers  (2+  interstitial  sodium). 

(experiment  '/?.  damnification:  X30,000)  . 
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? i gure  21:  A  very  hi gh  magnification  of  a  tyre  II 
pneumocyte  of  a  shocked  doy.  The  granules  are  '-',ot  empty, 
and  there  is  apparent  "blunting  of  microvilli. 

Large  sodium  done sits  can  he  seen  near  the  cell  surface. 
(Experiment  #13.  Magnification:  X 48, 000) . 
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T’j.c-nye  ?2  :  A  lovz-ns-fTiif ication  view  of  the  disrupted 
interstitium  in  a  Group  D  dom  ■(recipient  of  shook  plasma 
Peri-vascular  clear  snaces  are  seen  around  disrupted 
collagen  fibers  ( 3+  interstitial  disruption)  .  ^'nre 
does  not  s^em  to  be  a Ti^r  in cree so  n  n  t?  e"' 

sodium  (1  4  sodium) .  The  ondotbel is!  vesicles  to  the  left 
of  the  picture  do  not  appear  to  bo  increased. . 

(  Experiment  Ip.  T,T?soi-Fj  cation ;  X13./IA0) 
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P i OT.re  A  low— rower  view  of  the  interstitium  of 

p  d.ov  which  hod  received  shock  nlasma  ( G-rour  D).  The 
collagen  0un6i.es  look  fairlv  well  preserved,  although 
there  is  an  edema  f luid-conts.ining,  clear  soace  in  the 
lower  right  corner. (2+  interstitial  disruption) . 

There  are  crystal-like  deposits  over  the  co'llagen 
bundles,  which  may  or  may  not  represent  sodium. 

A  type  I  pneumocyte  is  seen  in  the  mid-right  field,  and 
an  endothelial  cell  is  present  in  the  upper  left  corner 
Endothelial  vesicles  do  not  appear  to  be  increased  in 
numb e  r . 

(Experiment  #14.  Magnification:  9*360). 
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Figure  24:  A  higher  magnification  of  Figure  23,  showing 
the  crystal-like  materials  over  the  collagen  filers 
in  more  detail. 

The  small,  round  electron-dense  deposits 
purported  to  represent  s.odium  are  sparsely  seen  in  this 
field  (1+  interstitial  sodium).  No  obvious  edema  is 
observed . 

( Experiment  si 4 .  Magnif i cati on :  X24 , 000 ) . 
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Figure  2>:  A  high  nagnif ica.tion  view  of  the  interstitium 
of  a  Group  h  dog  (recipient  of  shock  pla.sma)  ,  denonstrati' 
somewhat  disrupted  collagen  fibers,  clear  spaces,  and 
moderate  amount  of  interstitial  sodium  (2+  sodium). 

A  few  large  aggregates  of  sodium  pyro antinonat e  are  seen 
in  the  lower  right  corner. 

(Experiment  -/9.  Magnification:  X24,000)  . 
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Fi>gure  ?6:  A  very  high  magnification  view  showing 
disrupted  collagen  fibers  and  moderate  increase  in 
sodium  deposition  in  a  Group  D  dog  that  had  received 
shock  plasma.  (3+  interstitial  disruption  and  24- 
interstitial  sodium) . 

(Experiment  # 9.  Magnification:  X48,000). 
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'igure  P7«  A  very  high.  magnification  view  of  cart  of 


a  type  II  pneumocyte  in  a  Group  D  dog  (recipient  of 
shock  olasma) .  Some  of  the  intracvtoplasmic  granules 
are  empty.  (Experiment  ;-f9  •  Magni  f  i  c  at  i  on :  X46,000). 
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